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Inventor and Its Applications 2010 


Inventor and Its Applications is a textbook providing complete instruction in 
mastering fundamental Autodesk Inventor® tools and modeling techniques. Typical 
applications of Inventor are presented with basic modeling and design concepts. The 
topics are covered in an easy-to-understand sequence and progress in a way that allows 
you to become comfortable with the tools as your knowledge builds from one chapter 
to the next. In addition, Inventor and Its Applications offers the following features: 

e Step-by-step use of Inventor tools. 

In-depth explanations of how and why tools function as they do. 

Extensive use of font changes to specify certain meanings. 

Examples and discussions of industry practices and standards. 

Actual screen captures of Inventor features and functions. 

Professional Tips explaining how to use Inventor effectively and efficiently. 
More than 190 exercises to reinforce the chapter topics. These exercises also 
build on previously learned material. 

Chapter tests for review of tools and key Inventor concepts. 

A large selection of modeling and drafting problems to supplement each 
chapter. Problems are presented as 3D illustrations, industrial drawings, and 
engineering sketches. 
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Learning Objectives identify 


key items you will learn in the 
chapter. 


Command Entry Graphic 
show ribbon, Application 
Menu, keyboard shortcuts, and 
other tool entry options. 


: Illustrations, ine k 
Inventor “screen shots” ad 
model illustrations, make 


learning easy. 


m your productivity i in using ' 
Inventor tools and techniques. 


i Exercise References direct you i 
to exercises on the Student Web 
site. 


Features of the Textbook 


CHAPTER 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
y Create extruded and revolved base features, 

¢ Add features to a base feature. 

¥ Develop coils. 

¥ Edit features and feature properties. 


initial modai feature, 
on which all others 
are based 


Usually, the first part model feature, or base feature, is a sketched feature. Once | hase feature: The 


you build a base feature, you can add other features, including more sketched features, 

to complete the part design. This chapter explains how to create common extruded 

and revolved sketched features. You will also learn to create coils. pera 
from a sketch, 
Sketchod features 
include extrusions, 


revolutions, sweeps, 
lotts, and coiis. 


Access the Extrude tool to create an extrusion using the Extrude dialog box. See 
Figure 5-1. Fewer options are available when creating a base feature than when building 
additional features. If a sketch includes one profile, the profile becomes selected auto- 
matically. If a sketch contains multiple profiles, the Profile button is active, allowing 
you to pik ss peony) to extrude. 

exmtding a closed profile as a solid or surface by picking 
the Seen button in ihe Output area. You can only extrude an open profile as a 
surface when creating a base feature. Figure 5-2 shows ‘examples of surface extrusions. [f mtruslon:A 
When you are creating a solid base feature, the only possible operation is to form a new {f profe that extends 
solid body, as evident by the selected New Sold button. Additional operations are possible f fimecrpatt > 
when adding features. surface: A 

The Extents area contains options for specifying the size and boundaries of the f yiumaees share 
extrusion. The Distance option is the only usable Extents parameter for creating a base $ tor construction 
feature in a model that does not include any work planes offset from the sketch plane. trap ao 
Use the Distance option to end an extrusion a specified distance from the sketch plane. f mors advanced 
Use the Distance text box to enter a distance, select a value from the list, choose a 


model parameter, or measure a distance. 
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inventor’ and Its Applica STUDENT COMPANION 


B SITE 


Student Site 


Chapter Materials 
Use the Chapter Materials pull-down menu at the left to access the chapter exerg 
student practice files, chapter tests, and supplemental material. 


"Exercises. Chapter exercises 
allow you to practice chapter 
skills and techniques. 


Resource Center 
Use the Resource Center pull-down menu at the left to access the glossary, Web 
and sample chapters of the textbook. 


Dynamic Glossary 
Use the Dynamic Glossary button at the left to access the online glossary. 


Inventor Files 
Click on the ZIP file ty 
Inventor and Its 


You can download sheet 
and Design Com 
to use with the exe 
discussion groups, jy 
site, please talk to y] 


Autodesk Student asa Inventor’ and Its Applications aZ 


Chapter Exercises 


Chapter Materials Exercise 1-1 (PDF) 
Exercise 1-2 (PDF) 
Exercise 1-3 (PDF) 
Exercise 1-4 (PDF) 
Exercise 1-5 (PDF) 
Exercise 1-6 (PDF) 
Exercise 1-7 (PDF) 
Exercise 1-8 (PDF) 
Exercise 1-9 (PDF) 
Exercise 1-10 (PDF) 
Exercise 1-11 (PDF) 
Exercise 1-12 (PDF) 
Exercise 1-13 (PDF) 


Resource Center 


Dynamic & 


eeeoneosvenveenasr 


Tests 


Dynamic Glossary. Find the 
meaning of terms fast using 

this electronic dictionary of 

Inventor terms. 


ə Chapter 1 (DOC) 
e Chapter 1 (PDF) 


Supplemental Material 


e Keyboard Shortcuts (PDF) 
+ Using the Customize Dialog Box (PDF) 


~ Organized by chapter, these 
supplements provide additional 

information about topics 
discussed in the textbook. 
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Refining Sketches 
Chapter 4 Test Questions 


zaw Chapter 4 Test Questions 


Name: 


is of a circle that has a 24-inm diaranier? (Chapter 4 Test Questions 
Print this document and write your answer for each question on the Á. < e E 
corresponding lines. l 3 ice between the Trim tool and the Split tool? 
dimension, and bow is it displayed? 
1. Briefly describe what happens to the first and second selected objects = — 
when you are using constraint tools that require you to pick two = = 
objects. 


E. á e 7 = Sind - z copy selected geometry. 


e a ye “Chapter Tests. The Chapter —— 

n ; | Tests at the end of the chapters peeh oia menpixatorne 
A tg rp i ee i nd ° are also located on the Student [- — 

Web site in two formats. Print pr pamees oms 
Wal ia the func of dimensions napannencciees? «= IO Version and write 
— ~| in the answers, or open the 

_DOC version in Microsoft oa 
- Word and enter your answers 

oo electronically. 


5. What types of characteristics can be defined using a linear dimension? fy a 


What Is an aligned dimension? 


= 
© 
° 
A 
EE 
a 
lon 
v 
& 
D] 
a] 
© 
NA 
Q 
ie 
3 
hed 
© 
i] 
län 


e Ea e E TL 
6 Inventor and Its Applications 2010 


Home | Search } About AUG! { ty AUGI } Join Now 


inventor Wish List 


Submit a Wish 
View Current Wiah Liat 
Wish List Forums 

How it Works 

With List Voting Results : aa 

Wish List Manager > Autodesk 
Wish List aasiot The votes have been tabulated and ray 4:WHEEL DI 

listed below WITH ABS 


Discussion AD Cadalyst 


cturing | Management Foram s-i PianRoum 


SHORE MEDA RIT O ia x Sue TABON CA st contractus 


Autogesk inventor Tips & 
Tricks 


Clicking on the link will take you to 
Autosave 

Arc Length Dimension in Ske 
Add "IF Function to Paranoia 

Ability 15 Print Summarized frod What Yiu Newd? 


Check Out cadalyst for AEC & 


Pas Š oe 


T 

2 

3 

4 

5. Record Macros. What's New > ‘acid! oiii a 
us, 

56. Label the Axis Indicator with v : u GEAM ë 

7. Fool Tip Part kientificetion. b Telrad A 

B. Automatic IOW of Mirrored P] - HES BLOG FROM CADALYST! 

9 Shrinkwrap Assembiies, e PRE m ahtalanarer e a A 

0. Ability to Auto Arrange Dra Introducing "Kenneth Wong on CAD” coed tne 


1 


Chock oul Cadalyst executive ediiot Kenneth Wong's new blog 
Ful results for Fobrusry 2008 v2 tw keep tabs on trends that affect how CAD users hve, work, 

and think. Help him shape Gedalyef content and even become 
port of the stones! 


dente Masaian Canvarty 
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uoin Anamed neniet I machen design s ciresre podes e Hae jetait Cod Fou a 
Ccomereesnire vet sd 10 mechanic CAT ks Yar pasung wasin. ~m 
arc cecamertog cermplate Spd peootypea. The ewwehat merino iain 
nee ‘Gyrus protenyps Su Neto users iguata, Modua, ares anatre how a y PF = 
Orsini vones ONAIN a8 WoC ander real and conditions berare produet r artis SRR ER a 
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SOCONMEWON'S 3D MICE ROW SUPPORTED BY SOLMAVORKS 7009 
The mice enable designers to move in Iree dimensions simullaneous 


LONGVIEW ADVISORS PUBLISHES 2908 COLLABORATION AND IN TEROPE! 
REPORT 


i Seg er eae na EXPERTS, LIKE YOU 


Related Web Sites. Use these 
links to access a variety of 
CAD/drafting Web sites. 
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WEB SITE 


Student Site 


Chapter Materials 
Use the Chapter Materials pull-down menu at the left to access the chapter exercises, 
student practice files, chapter tests, and supplemental material. 


Resource Center 
Use the Resource Center pull-down menu at the feft to access the glossary, Web links, 
and sampie chapters of the textbook. 


Dynamic Glossary 
Use the Dynamic Glossary button at the left to access the online glossary. 


Ë 


Dynamic G 


inventor Files 
Click on the ZIP file to download files for use with the exercises and problems u 
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Glossary. Print this traditiona 
glossary and use it for reference 
as you work through the 


chapters. 


Autodesk Student Engineering and Design Community 

You can download free Autodesk® software from the Autodesk Student Engineering 
and Design Community Web site, Download the Inventor Professional® 2010 software 
to use with the exercises and problems in this textbook. The Web site also provides 
discussion groups, job postings, and tutorials. If you have difficulty registering on the 
site, please talk to your instructor. Visit Site 


Y Community Autodesk 


Inventor Software. Pick this | 
F um) button to access a Web site — 
from which you can download 
the Inventor 2010 Professional 


software at no cost for use with 
this book. 


Listen to the AU Beat 


Audio interviews with AU 
instructors, industry experts 
todothesin che know 


Remember no? L) 
bogin 


Fermat your prsnwo g? 


Features of the Textbook 


Education Blogs 
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Different typefaces are used throughout this textbook to define terms and identify 
AutoCAD commands. The following typeface conventions are used in this textbook: 


Inventor tools LINE tool 
Buttons on the Inventor ribbon tabs View > Object Visibility > Sketches 


Inventor dialog boxes Style and Standard Editor dialog box 


Keyboard keys [Ctri]+[1] key combination 


File names, folders, and paths C:\Program Files\AutoCAD 2009\mydrawing.dwg 


Microsoft Windows features Start menu, Programs folder 


For additional information, standards from organizations such as ANSI (American 
National Standards Institute) and ASME (American Society of Mechanical Engineers) 


are referenced throughout the textbook. Use these standards to create drawings that 
follow industry, national, and international practices. 


Autodesk, the Autodesk logo, and Inventor are either registered trademarks or 
trademarks of Autodesk, Inc. in the U.S.A. and/or other countries. 

Microsoft, Windows, and Windows Vista are registered trademarks of Microsoft 
Corporation in the United States and/or other countries. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Describe the primary Autodesk Inventor file types. 
Explain the concept of parametric design and drafting. 
Identify the elements of a part model. 

Begin new files and open, save, and close files. 
Describe the Autodesk Inventor user interface. 
Manage multiple open documents. 

Access application options and locate help resources. 


SN NNN N SS 


Autodesk Inventor, referred to as Inventor in this textbook, is a powerful computer- 


aided design and drafting (CADD) system that provides three-dimensional (3D) solid f 


- drawings. 


modeling and two-dimensional (2D) drawing capabilities. See Figure 1-1. Inventor 
allows you to start with basic product design ideas and end with a virtual prototype 
and a complete set of working drawings. You can adapt Inventor to conform to a 
variety of mechanical design and drafting standards. This textbook focuses on Amer- 
ican National Standards Institute (ANSI) and the American Society of Mechanical 
Engineers (ASME) design and drafting standards. This textbook also presents other 
common standards, such as the American Welding Society (AWS) standards, when 
appropriate. 


Inventor offers unique file formats to prepare 3D part, assembly, and presentation 
models, and 2D drawings. Each file type provides tools and options related to specific 
design and drafting requirements. A basic project may require a part file or part and 
drawing files. Complex projects may require hundreds of part, assembly, presentation, 
and drawing files. 


_ computer-aided 


design and 
drafting (CADD): 
The process of 
using a computer 
with software 

to design and 
produce models and 


- solid model: A 
: model that contains 
_ object volume and 


mass data used 

to analyze internal 
and external object 
characteristics. 


drawing: 2D 


_ representation of a 
| model containing 


views, dimensions, 
and annotations. 


_ standards: 


Guidelines 


» containing operating 


procedures, drawing 
techniques, and 


_ record keeping 
» methods. 


_ tool (command): 


An instruction 
issued to the 
computer to 


~ complete a specific 


task. For example, 


| the LINE tool is 


used to draw lines. 


option: A choice 


associated with 

a tool, or an 
alternative function 
of a tool. 
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part: An item 
or product or an 
element of an 

_ assembly. 


components: The 
individual parts 
and subassemblies 
` used to create an 

* assembly. 


- weldment: An 
assembly in which 
components are 
fixed together with 
_ welds. 


Figure 1-1. 
Inventor provides tools to create three-dimensional (3D) solid models and two-dimensional 
(2D) drawings. 
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2D Drawing 


Parts 


A part file allows you to create a part model. See Figure 1-2. Assembly files refer- 
ence parts for assembly models, and drawing files reference parts for part drawings. 
Specialized sheet metal tools are available for preparing sheet metal part models. Part 
files use the .ipt file extension. 


Assemblies 


An assembly file allows you to reference component files to create an assembly 
model. See Figure 1-3. Specialized weldment tools are available for preparing weld- 
ment models. You can develop separate part and assembly files for insertion into an 
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Figure 1-2. 
A C-clamp body 
part model. 


Figure 1-3. 
A C-clamp assembly 
model. 


assembly. This is an example of a process that some designers refer to as bottom-up 
‘design. An alternative is to create and save a part and assembly files in place within an 
assembly file. Some designers refer to this process as top-down design. Assembly files 
reference assemblies as subassemblies for assembly models, presentation files refer- 
ence assemblies for exploded and animated assembly models, and drawing files refer- 
ence assemblies for assembly drawings. Assembly files use the .iam file extension. 


Presentations 


A presentation file allows you to reference an assembly file to create an exploded, 
animated, and stylized assembly model. See Figure 1-4. Presentations show how parts 
and subassemblies interact within the assembly. Drawing files reference presentations 
for exploded assembly drawings. Presentation files use the .ipn extension. 
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: bottom-up design: 
< A design approach 


that brings individual 
components 


_ together to form an 


assembly. 


` top-down 
` design: A design 


approach in which 
the assembly 


| controls, or 


produces, individual 


-= components. 
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Figure 1-4. 

An example of a 

C-clamp presentation Pe 
model that contains 

trails, or connection 

graphics, between 

components to show 

relative position and 


movement in the 
assembly. 


Trail 


Trail 


Figure 1-5. 
An example of a drawing that documents the design of a C-clamp body. À drawing should 
provide enough information to describe the product without confusion. 
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Drawings 


A drawing file allows you to prepare a 2D drawing. See Figure 1-5. Drawings 
reference existing part, assembly, and presentation files. Drawing files use the .idw or 
.dwg extension. 
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Exercise 1-1 —— 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-1. 


parametric design 
and drafting: A 
form of design 

and drafting in 
which parameters 
and constraints 
drive object size 
and location to 
produce models 
and drawings with 
features that adapt 
to changes made to 


Inventor provides parametric design and drafting tools for assigning parameters, 
or constraints, to objects. The parametric concept, also known as intelligence, provides 
a way to associate objects and limit design changes. You cannot change a parameter 
that conflicts with other parametric geometry. A database stores and allows you to 


5 : P other features. 
manage all parameters. Parametric design and drafting allows you to control every ; 
aspect of a project during and after the design and documentation processes. (caas 

Geometric 


characteristics and 
dimensions that 
control the size, 
shape, and position 
of model and 
drawing geometry. 


Types of Constraints 


Parameters include geometric constraints and dimensional constraints. You 
must add constraints to make an object parametric. Well-defined constraints increase 
design and revision efficiency, place limits on geometry to preserve design intent, and 
help form geometric constructions. For example, if two holes through a part, drawn 
as circles, must always be the same size, use a geometric constraint to make the circles 
equal and a dimensional constraint to size one of the circles. Dimensional constraints 
create parameters that direct object size and location. The size of both circles changes 
when you modify the dimensional constraint value. See Figure 1-6. 


geometric 
constraints: 
Geometric 
restrictions applied 
to define sketch 
geometry in 
reference to other 
sketch geometry. 


dimensional 
constraints: 
Measurements that 
numerically contro! 
the size or location 
of geometry. 


Figure 1-6. Dimensional constraint Equal geometric 


An example of & added to one circle only constraint 
basic parametric 


relationship. The 
dimensional 
constraint controls 
the size of both 
circles with 

the aid of an Original Circles 
equal geometric 

constraint. 


Circle diameter changes 


Value controls parametrically 


circle diameter 


Revised Circles 
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under- 

_ constrained: 
Describes a design 
that includes 
constraints, but not 

` enough to size and 
locate all geometry. 


| fully constrained: 
~ Describes a design 
` in which objects 

| have no freedom of 
_ movement. 


| over-constrained: 
- Describes a design 
that contains too 
many constraints. 


` reference 
dimension: A 
dimension provided 
for reference 
only. Parentheses 
enclose reference 

` dimensions to 
differentiate 
them from other 
dimensions. 
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Constraint Levels 


Figure 1-7 shows an example of constraint levels, including under-constrained, 
fully constrained, and over-constrained sketches. You often fully or near fully 
constrain a model to ensure accuracy. However, if you attempt to over-constrain a 
model, a message appears allowing you to account for the situation. See Figure 1-8. 
Inventor does not allow you to over-constrain a model, as shown by the reference 
dimension in Figure 1-7. 

Figure 1-9 shows an extreme example of constraining, primarily for refer- 
ence. Study the figure to help understand how constraints work, and how applying 
constraints differs from and complements traditional drafting practices. Typically, 
you should prepare initial objects as accurately as possible using the many geometric 
construction tools available, and then add constraints as needed. 


As you learn to use Inventor, you will recognize and work with many - 
parametric relationships. Successful parametric design and drafting 
requires detailed planning and an understanding of how model and 
drawing elements relate to each other throughout the design and 
documentation processes. 


Figure 1-7. 
Levels of parametric constraints. 


Circle is not located 
horizontally 


Unnecessary 
dimension can form only 
as a reference dimension 


Over-Constrained 
Not Allowed 


Under-Constrained 


Fully Constrained 


Figure 1-8. 
Alert or error messages appear when you attempt to over-constrain or improperly constrain objects. 
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Part models allow you to design parts, build assembly models, and prepare part 
drawings..A part model begins as a sketch or group of sketches used to construct a 
feature. Add features as necessary to create the final part model. Primary part model 
features include sketched, placed, work, catalog, and patterned features. You can 
develop additional model elements, such as surfaces, as needed to build a part model. 


Sketches and Sketched Features 


Every part model usually contains at least one sketch and at least one sketched 
feature. Figure 1-9 shows an example of a sketch. Normally, the base feature is a 
sketched feature. Figure 1-10 shows an example of sketched extrusions, a rib, and an 
embossment added to an extruded base feature. 


Figure 1-9. 
An extreme example of constraining a drawing to help you understand how constraints are 
applied. 


Perpendicular 


Coincident constraints Parallel 


“connect” endpoints 


Horizontal ZE 


2A; 
n # g € 
Unconstrained Geometric Constraints Added Dimensional Constraints 
Added 
Figure 1-10. 


Sketched features added to a sketched base feature. 


Embossment created from 
text on a sketch 


Extruded sketched 
features 


Base feature 
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sketch: A 2D 
drawing that 


_ provides the 


profile or guide 
for developing a 
sketched feature. 


- sketched features: 


Features that are 


built from sketches, 


such as extrusions, 
revolutions, sweeps, 


-~ lofts, and coils. 


base feature: The 
initial model feature, 
on which all others 
are based. 
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| placed features: 
Features added to 
an existing feature 
without using a 
sketch. 


| work features: 

_ Construction 
points, lines, and 
surfaces that create 
reference elements 
anywhere in space 
to hetp position and 
~ generate additional 
features. 
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Placed Features 


Adding placed features requires specifying size dimensions and characteristics and 
selecting a location, such as a point or edge. No sketch is necessary. Figure 1-11 shows 
examples of common placed features, including a chamfer, a fillet, and threads. 


Work Features 


Add work features to existing features or in 3D space for construction and refer- 
ence purposes. Work features are often necessary to build a model when needed geom- 
etry is unavailable or to form specific parametric relationships. Figure 1-12 shows basic 
work features, including a plane, axis, and point. 


Figure 1-11. 
Chamfers, fillets, 
and threads are a 
few of the available 
placed features. 


Threads 


Chamfer 


Fillet 


Figure 1-12. Work 
features allow you 
to build and control 
other features. 
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Catalog Features 


Catalog features are similar to placed features, but they are often more complex and 
represent a specific element, such as a certain boss, slot, or stock item. Catalog features 
include design elements such as iFeatures and derived components. Figure 1-13 shows 
an example of an iFeature. 


Feature Patterns 


Once you create a feature, you have the option of creating a feature pattern. 
Patterning features often saves considerable time while forming and maintaining 
parametric relationships. Feature patterns include rectangular and circular patterns 
and mirrored features. See Figure 1-14. 


Figure 1-13. 

An example of a 
catalog feature that 
includes three holes 
and a round. 


Catalog feature 


Figure 1-14. 
Use patterns to create multiple copies of a feature or group of features. 


Circular Pattern Mirrored Feature 


Rectangular Pattern 
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_ iFeature: An 


existing feature or 
set of features you 
create and store in 


` acatalog to use in 
| other models. 


_ derived 


components: 
Features that can 
contain a complete 
model consisting of 
several features, or 
even multiple parts; 
often used as a base 
feature. 


| feature pattern: 
_ An arrangement of 


copies of existing 
features, generating 


| occurrences of the 


features. 
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options. 


Exercise 1-2 — 


Access the Student Web site (www.g-wlearning.com/CAD) and — : 
complete Exercise 1-2. 


double-click: To start Inventor, double-click on the Autodesk Inventor Professional 2010 desktop 
Quickly press the 


left mouse button  1con that appears during installation. You can also pick the Start button in the lower- 
paicealonaaieet. left corner of the Windows desktop. Then hover over or pick Programs, select Autodesk, 
icon: A small select Autodesk Inventor 2010, and finally select Autodesk Inventor Professional 2010. 

graphic representing 

an application, file, 
or tool. 


pick (click): Use 
the left mouse 
button to select. 


Due to installation, operating system, and display variables, you 
may see illustrations in this textbook that appear slightly different 
from those on your screen. 


button: A “hot 
spot” on the screen 
that can be picked 
to access an 
application, tool, or a d N 2 
option. Figure 1-15 shows the default application window that appears when you launch 


Dhover: Pause Inventor. The Application Menu, Quick Access toolbar, and ribbon provide options for 


the cursor over : ; J ‘ : ot : . : , 
antemtodispiay beginning a new file and opening an existing file. The default application window 


information or provides additional options, including those for saving and closing files, controlling 
system settings, and exiting Inventor. 


- default: A value 


maintained by the 


computer until 
changed. Figure 1-15. 
toolbar: An The default application window that appears when you launch Inventor. 


interface item 
that contains tool 
buttons or drop- 
down lists. 


Pick to exit 
Inventor 


ribbon: The palette 
that extends across 
the top of the 
Inventor interface 
and contains 
multiple tabs for 
convenient tool 
access, 


Pick to save 
your work 


Quick Access 
toolbar 


Pick to open 
an existing file 


Autodesk 
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Figure 1-16. 

Use the New File 
dialog box to access 
templates for 
creating new models 
and drawings. 


Contains templates based on choosing English 
or metric during program installation 


Contains templates based on U.S. Customary units 
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Standard 
presentation 
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‘Project File: 
. Quick Launch 


ault Ip) 


Pick to open an existing file 


Beginning a New File 

To begin a new file, pick the New button from the Application Menu, Quick Access 
toolbar, or Launch panel of the Get Started ribbon tab. An alternative is to type [Ctrl]+[N]. 
The New File dialog box shown in Figure 1-16 appears, allowing you to reference a 
template to create a new part, assembly, presentation, or drawing. 


The New flyout on the Quick Access toolbar, shown in Figure 1-15, 
provides access to Assembly, Drawing, Part, and Presentation templates 
named Standard. The New menu in the Application Menu provides 
the same options. Chapter 2 explains the content and location of 
these templates. 


By default, the New File dialog box includes Default, English, and Metric tabs. Select 
a tab to display templates for beginning new files. The English and Metric tabs include 
templates with units and settings associated with specific design and drafting stan- 
dards. When you install Inventor, you can direct the Default tab to display the same 
templates provided in the English or Metric tab. 

A sheet metal template begins a new part file preset for sheet metal modeling. A 
weldment template begins a new assembly file preset for weldment modeling. An .idw 
or .dwg template begins a new drawing. The .dwg format is for direct use in AutoCAD. 
To begin a new file, double-click on the template icon in the list box or pick the icon 
and select the OK button. 


ribbon tab: A 
collection of tool 
panels on the 
ribbon accessed 


_ by picking the 
' collection’s name 
near the top of the 


ribbon. 


templates: Files 
with predefined 
settings used 

to begin new 


-~ documents. 


flyout: Set of 


related buttons 
that appears when 
you pick the arrow 
next to certain tool 
buttons. 


list box: A boxed 
area that contains 
a list of items or 
options from which 


- to select. 


The tabs and templates displayed in the New 
adjustable, as described in Chapter 2. 
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drop-down list: A 
_ list of options that 
appears when you 
pick a button that 
contains a down 
arrow. 
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Exercise 1-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-3. 


Opening an Existing File 

To open an existing file, pick the Open button from the Application Menu, Quick 
Access toolbar, or Launch panel of the Get Started ribbon tab. An alternative is to type 
[Ctrl]+[O]. The Open dialog box shown in Figure 1-17 appears, allowing you to locate 
and open existing parts, assemblies, presentations, and drawings, as well as other files 
supported by Inventor. 


You can open existing files directly from Microsoft Windows 
Explorer. The Application Menu provides a recent documents func- 
tion for opening recently used files. 


As explained further in Chapter 2, the active Inventor project controls the folder 
that initially appears when you access the Open dialog box. However, you can navigate 
to and open any file on your computer or the network. Use the Files of type drop-down 
list to filter the file types to display. Then use the Look in drop-down list, Go To Last 
Folder Visited, Up One Level, Create New Folder, and View Menu buttons and the Preview 
area to locate a file to open. Once you select a file, the Options... button may become 
enabled. Pick the button to display the File Open Options dialog box, where you can 
adjust opening options specific to the selected file type. To open a file, double-click on 
the file icon or pick the icon and then pick the Open button. You can select multiple 
files to open at the same time. 


Figure 1-17. 

Use the Open 
dialog box to open 
existing Inventor 
and supported files. 
Inventor allows you 
to open or import a 


|e & 8 
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_ Project File: [Defaut.ip | 
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a new file available after certain 
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To search for a file, pick the Find... button in the Open dialog box 
to open the Find: Inventor Files dialog box. You can also use the | 
Windows search tool to find a file. 


launch Inventor, if it is not already running, and open the selected 
file. 


Exercise 1-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-4. 


Saving Your Work 


You must save a file to access the file for future use. Develop the practice of saving 
each file in an appropriate location using a descriptive name or code file as the first 
step in creating a model or drawing. Then, as you work, save the file at least every five 
to ten minutes to avoid losing work in case of a sudden loss of power or a computer 
problem. 


Using the Save Tool 


To use the Save tool, pick the Save button from the Application Menu or Quick 
Access toolbar. An alternative is to type [Ctrl]+[S]. The Save tool opens the Save As 
dialog box, shown in Figure 1-18, if a file is unsaved, or resaves a saved file without 
displaying the Save As dialog box. To save a file using the Save As dialog box, use the 
Look in drop-down list, and Go To Last Folder Visited, Up One Level, Create New Folder, 
and View Menu buttons to locate the file or adjust the folder. 


Figure 1-18. 

The Save As dialog 
box appears if 

the current file is 
unsaved. 


Sy 
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The list of file types is restricted Type the new file 
to match the current type name in this box 
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- text box: A box 
in which you type 
a name, number, 
| or single line of 
information. 


Type a name for the file in the File name text box. The file name is a file property 
that is referenced throughout design and documentation. Set up a system that allows 
you to determine the content of a file by the file name. File names often identify a 
product by name and number, such as VICE-101 or 6DT1009. Use a standard file naming 
system that contains a clear and concise reference to the project, part number, process, 
sheet number, and revision level, depending on the product and standards. 

The file type listed in the Files of type drop-down list should display the current 
file type. Pick the Options... button to open the File Save Options dialog box. For 
Inventor files, the File Save Options dialog box controls the method of generating the 
preview image that displays in the Preview area of the File Open dialog box. Pick the 
Save button to complete the save. 


Tear a FAS SE RR ER IO AE 


| File names are not case sensitive and can include a maximum of 
} 256 characters, most alphabetic and numeric characters, spaces, 
| and most punctuation symbols. You do not have to include the file 
| extension with the file name. File names cannot include quotation 
| mark (”), asterisk (*), question mark (?), forward slash (/), and back- 
J ward slash (\) characters. 


Using the Save As Tool 


To save a saved file using a different name, access the Save As tool by picking the 
Save As button from the Application Menu. The Save As dialog box appears, allowing 
you to rename the file. The original file closes and the new file opens. For example, to 
use a part named LARGE PLATE as a basis for a small plate design, use the Save As tool 
to save the LARGE PLATE file as SMALL PLATE. The LARGE PLATE file closes and the 
SMALL PLATE file appears, ready for modification. 


You will use the Save As tool throughout the exercises and problems 
in this textbook to save an existing file using a different name. 


Using the Save Copy As Tool 


To save a copy of a saved file using a different name without closing the original 
file, access the Save Copy As tool by picking the Save Copy As button from the Save As 
menu of the Application Menu. The Save Copy As dialog box appears, allowing you to 
create a copy of the open file, usually with a different name. The original file remains 
open. The copy is saved to the specified location and does not open. 

Use the Save Copy As tool to make a copy as a design state backup or for later use 
while you continue working with the original file. The Save Copy As tool also allows 
you to save a file in an alternative format, such as IGES, JPEG, PDF, or STEP. Saving a 
copy in a non-Inventor format is often necessary if you are collaborating with others, 
or in order to create an image from the on-screen display. Use the Save as type drop- 
down list to select the appropriate file type. 


Closing a File 


Close a file to finish working with the file without exiting Inventor. To close the 
active file, pick the Close button on the right side of the file window title bar. An alter- 
native is to pick the Close button from the Application Menu. 
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Exiting Inventor 


To exit Inventor, pick the Close button on the right side of the application window 
title bar, double-click the Application Menu button, or select the Exit Inventor button 
from the Application Menu. When you close a file or exit Inventor, alert boxes may 
appear, depending on file status and current work environment. For example, if a file 
remains unsaved, an alert message asks if you want to save the file before closing. 


Exercise 1-5 Te 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-5. 


Interface, or user interface, items include devices to input data, such as the 
keyboard and mouse, and devices to receive outputs, such as the monitor. Inventor uses 
a Windows-style graphical user interface (GUI) with an Application Menu, Quick Access 
toolbar, ribbon, dialog boxes, and Inventor-specific items such as the graphics window. 
See Figure 1-19. Inventor includes other specialized interface items commonly used 
throughout the design and documentation process, including the navigation bar and 
view cube. You will learn to use these tools when applicable. 


Figure 1-19. 
Elements of the Inventor interface. 
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- alert: A pop-up that 


indicates a potential 
problem or required 


» action. 


interface (user 


interface): The 
tools used to provide 


information to and 


` receive information 


from a computer 
application. 


graphical user 
interface (GUI): 
On-screen interface 


| items. 


_ graphics window: 


The largest area in 
the Inventor window, 
where modeling and 
drawing occur. 
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tooltip: A pop- 

up that provides 
information about 
the item over which 
you are hovering. 


command alias: 
Abbreviated tool 
name entered at the 
keyboard. 


keyboard shortcut: 


Single key or key 
combination used 
to quickly issue a 
command or select 
an option. 


shortcut menus 
(cursor menu, 
right-click menu, 
pop-up menu): 
Menus that allow 
access to tools and 
options by right- 
clicking anywhere in 


the graphics window 


or on a specific 
object or selection. 


: 
i 
f 
i 


i | 


Create Line 


context-sensitive 
menu options: 
Options specific to 
the tool currently 


' in use. 


cascading menu: 
A secondary menu 
that contains 
options related to 
the chosen menu 
item 
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The interface is fully customizable. This textbook focuses on using 
the default interface, but includes information on interface adjust- 
ments when appropriate. 


Cursor 


The cursor is the primary means of pointing to locations within the Inventor window 
and making selections. The cursor changes to a crosshairs or other unique appearance 
when certain tools are active. Many visual cues, options, and tools are available from or 
associated with the cursor. 


Tooltips 


A tooltip displays when you hover over most tools or options. See Figure 1-20. 
Tooltip content varies depending on the item. The initial tooltip might only display the 
tool name, a command alias or keyboard shortcut, and a description. As you continue 
to hover, an explanation on how to use the tool and other information may appear. 


Shortcut Menus 


Inventor uses shortcut menus to simplify and accelerate tool and option access. 
If you right-click while a tool is active, the shortcut menu contains context-sensitive 
menu options. See Figure 1-21. Hover over a menu option that includes a small arrow 
to the right of the option name to display a cascading menu. 

A tool or option accessible from a shortcut menu may appear as a graphic in the 
margin of this textbook, or directly within a sentence. The graphic represents the 
process of right-clicking, followed by selecting a menu or cascading menu option. 
You must right-click on an appropriate location within the correct work environment 
to access a specific option. The example shown in this margin illustrates accessing 
the sketch Line tool from the shortcut menu that appears when you right-click in the 
graphics window or browser in the sketch work environment, when no other tool is 
active. 


Exercise 1-6 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-6. 


Figure 1-20. 

Place the cursor over 
a button to reveal 
the button name as a 
tooltip. 


Tooltip for the 
Open button 
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Figure 1-21. 


The shortcut menu that appears depends on the item under the cursor when you right-click. 
Cascading menus are available from certain shortcut menus and flyouts. 


Pick to repeat 
the previous tool 


Repeat 2D Sketch 


Finish Sketch Browser Bor 
Show All Degrees of Freedom 


Update 


Snap to Grid 
Show All Constraints F8 
Constraint Visibility... 


Cascading 
menu 


Constraint Options... 
£ Create Line 
ig Create Dimension 
Create: Constraint ig x Perpendicular 


Ctrl+C 


Edit Sketch 


Share Sketch 
Edit Coordinate System 


i k i Coincident 


Dimension Display - 
i © Concentric 
bi 


a Som pe a 


Right-clicked 


Select Other... 


l p d 

| k Project Geometry J Parallel ~ i ee 
| Create Feature >: Ò Tangent ropa ies... 

| Slice Graphics F7 | “~ Smooth Redefine Create Note 


LiKe e i 
| Previous View FS 
Home View F6 


Measure i b 
A _ ¥ Colinear Doe ee a l 
Sketch Doctor i a Equal = Create Note Properties 
Show All 77 Horizontal Export Sketch As... Help Topics... 
Hide Others | Al vertical [1] = 
a A Fi visibility 
AÈ Place Feature... BB Dimensiorisibity Right-Click ona 
‘LIJ symmetry Tien o 
i Model Item 


| = eae. 
= Previous View Q Find in Window End 


Pick to access How To... 
help files 


F5 
Home View F6 


Help Topics... 


Right-Click in the Right-Click in the 
Graphics Window Browser 
Application Menu 


Pick the Application Menu button to display the Application Menu. See Figure 1-22. 
The Application Menu provides access to program- and file-related tools and settings 
through a menu system. Some items on the left side of the Application Menu function 
as buttons to activate common application tools, and except for the iProperties button, 
also display a menu. For example, press the New button to access the New File dialog 
box. 

To display a menu, hover the cursor over the menu name, pick the arrow on the 
right side of the button, or select a menu button that does not activate a tool. Long 
menus include small arrows at the top and bottom for scrolling through selections. 
Pick an option to activate the tool. To exit the Application Menu without selecting an 
option, pick outside of the Application Menu or press [Esc]. 

A tool or option accessible from the Application Menu appears as a graphic in the 
margin of this textbook. The graphic represents the process of picking the Application Menu 
button, followed by selecting a menu button, or hovering over a menu and picking a 
menu option. The example shown in this margin illustrates accessing the Save Copy 
As Template tool from the Application Menu as shown in Figure 1-22. 


Application Menu 


Save As > > 
nna 


Once a menu appears, you can use arrow keys to move to different 
menu items and press [Enter] to select the highlighted item. 


o ee 
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| command: An 
instruction issued 
to the computer to 
complete a specific 
task. For example, 
the LINE command 
is used to draw 
lines, Also called 
a tool. 
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Figure 1-22. 


aa Search 
Use the Application e Til 
Menu to access ig te. 
n 5 oe 
common S TR BT Menu 
application and file , name 
management tools I - = 4 sah file in the different file name in | | 
and settings, search Hoek re = the default format. | 
eset display menu, MMMM, gq Some ate oaen contents the | | 
À A i Ea im | 
and view open or pick to É m G 1 file specified in the Save Copy As dialog | 
and recently used activate tool W d | box. The original file remains open. 
documents. | se |P] g, Save Copy As Template 
i 4 Save the active file as a template in the A 
template folder, 
Pick to 
Pack and Go f . 
Package the currently active file and at of | | activate tool 


its referenced files into a single location. 


Pick to exit 
inventor 


Pick to display the 
Application Options dialog box 


Searching for Commands 


The Application Menu contains a search tool that allows you to locate and access a 
command available in the current file. For example, you must open a part model file 
to search for commands associated with part modeling. Type characters in the Search 
text box that might be included in the command name. Matches appear as you type. 
Typing additional letters narrows the search, with the best-matched command listed 
first. Figure 1-23 shows using the Search text box to locate the Save tool for saving a 
file. Pick a command from the list to start the command. 


Opening Recent Documents 


Pick the Recent Documents button in the Application Menu to display a list of 
recently opened documents. See Figure 1-24. The Recent Documents function provides 
convenient access to files that are likely to be related to the current project. Select By 
Ordered List, By Access Date, By Size, or By Type from the Ordered List drop-down list 
to arrange recent files. Choose the appropriate option from the display options flyout 
to display files as icons, small images, medium images, or large images. 

Hover over a file in the list of recent documents to display a tooltip with file infor- 
mation and a preview. Pick a file from the list to open. Pick the pushpin icon to the 
right of the file to keep the file on the recent documents list. Unpinned files are eventu- 
ally removed from the recent documents list as you open other files. 


Exercise 1-7 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-7. 
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Figure 1-23. 
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a the list 


Pick to open 


C:\Program E ZAN Sanglen odds 
\Assemblies\Engine MKII\Components\Engine Head.ipt 


Tooltip 
with 
preview 
image 


Date modified: 2/12/2009 1:13:44 PM 


Chapter 1 Introduction to Autodesk Inventor 


35 


Quick Access Toolbar 


The Quick Access toolbar, shown in Figure 1-25, is the only default toolbar. The 
Wag) eons: Quick Access toolbar displays tool buttons that provide convenient access to common 
uttons in a toolbar, 5 
each with a specific tools and options. As you move the cursor over a tool button, the button becomes 
ooroo © highlighted and may display a border. Use the tooltip to become familiar with the 
tool icon, and then pick a tool button or select an option from a flyout to activate the 
corresponding tool. 

When no file is open, the Quick Access toolbar offers enabled New, Open, and in 
some cases Redo tool buttons. Additional tool buttons appear when you open a file. 
There is some variation in available tools, or the top-level flyout option, depending on 
the active file type and current work environment. 

A tool or option accessible from the Quick Access toolbar appears as a graphic 
| in the margin of this textbook. The graphic represents the process of picking a Quick 
Access toolbar button, or an option from a flyout. The example shown in this margin 
illustrates accessing the Redo tool from the Quick Access toolbar. 


Quick Access 


Fe NE A EE eA OEE IE EC OR NINTH er ee eer 


The Quick Access toolbar is fully customizable by adding, removing, 
and relocating tool buttons. Use options in the Customize Quick 
Access Toolbar flyout or right-click on a tool button to make basic 
adjustments. 


Exercise 1-8 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-8. 


Ribbon and Ribbon Panels 


The ribbon, shown in Figure 1-26, is the primary means of accessing most design, 


tab: Asmallstbat drafting, and system tools and options. Use the tabs along the top of the ribbon to 
the top or side of a 3 s é 
page, window, dialog access related ribbon panels, or panels. For example, the Model ribbon tab in the part 


pad work environment includes panels with tools for creating and modifying part model 
allowing access to 


other portions of the sketches and features. Each panel houses groups of similar tools. 
gl The ribbon adjusts to the current file type, work environment, and design or 
hana) Peres drafting task by providing context-sensitive tabs and panels. You can only use tools 
j <yigenatiianarour and options appropriate to the current conditions; all others are disabled. Highlighted 
l tabs or panels include tools specific to the current work environment. For example, 
when you enter the sketch work environment to create a part model sketch, a high- 


lighted Sketch tab appears and all tabs receive a highlighted Exit panel. Refer again to 


Figure 1-25. 

Use the Quick 
Access toolbar to 
access common 
tools. Pick a tool Pick to make basic 
button to initiate the No File Open toolbar adjustments 
corresponding tool. 


Flyout 


Part File Active 
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Figure 1-26. 


The ribbon provides an effective, context-sensitive means of accessing most design, drafting, 
and system tools and options. 
Tabs 


Context-sensitive tab Minimize button 


Lyö! |a matra a > Tim E Seale | IBF Meke Patt (ll image | > Ea 
Baie Copy -2 Extend [EÀ stretch | EF Make Components | | rons G p 
nil E stn 


Flyout Pick to Pick to pin the expanded “Expanded “Panels Context-sensitive panel 
expand panel panel to the screen panel 


Figure 1-26. The Sketch tab includes tools and options for creating sketches, and the 
Exit panel includes a button for finishing and exiting the sketch. Tools that you cannot 
use in the sketch environment are disabled. 


Use the tabs ETT on the ribbon to help recognize the current 
work environment, and as a guide to proceed through the design 
and drafting stages. 


A tool or option accessible from the ribbon appears as a graphic in the margin of 
this textbook. The graphic identifies the tab and panel where the tool is located. You may 
need to expand the panel or pick a flyout to find the tool. The example shown in this 
margin illustrates accessing the sketch Line tool from the Draw panel of the Sketch tab. 

The large tool buttons in a panel signify the most often used panel tools. In addi- 


Ribbon 


tion to tool buttons, panels can contain flyouts and other items. Some panels have a | 
triangle, or arrow, next to the panel name. If you see this arrow, pick the bottom, or 
title, of the panel to display a set of additional related tools and functions, as shown 
in Figure 1-26. To show the expanded list on-screen at all times, pick the pushpin 
button. 


Rich you SR an men Kan a peen flyout, t the ee ere 
the new default and appears in the ribbon. This makes it easier to 
reselect the same tool. 


Adjustments 


Right-click on the ribbon, away from a panel, to access a shortcut menu with a 
variety of ribbon display options, as described in Figure 1-27. Most of the options are 
also available by right-clicking on a panel. By default, the ribbon docks horizontally [f dock: Set in 


below the Inventor window title bar. Use the Undock shortcut menu option to change f kr ae 


the ribbon to a floating state, as shown in Figure 1-28. Resize the floating ribbon using f Pren (op. 


the resizing arrows that appear when you move the cursor over the ribbon edge. Right- E right). 


click as indicated in Figure 1-28 to make additional floating ribbon adjustments. floating: Describes 
To reposition a ribbon tab, hold down the left mouse button on a tab and drag the ph en 


tab right or left, if the ribbon is in a horizontal orientation, or up or down, if the ribbon f haar that can be 
is in a vertical orientation. Release the button at the desired location. To reposition a f pone ig kog 
panel within a tab, hold down the left mouse button on a panel title and drag the panel 


to the desired location. 
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Figure 1-27. 
Right-click options for displaying and organizing ribbon elements. 


Ribbon Appearance isplays a submenu with options for turning off 
ribbon text and reducing ribbon size. Pick Reset 
Ribbon to remove custom ribbon settings. 


Provides a submenu with options for displaying the 
default full ribbon, tabs only, or panel titles only. 
Minimize options can also be activated by repeatedly 
pressing the Minimize button to the right of the 
ribbon tabs. 


Displays a submenu of panels that you can add to or 
remove from the active ribbon tab. Checked panels 
appear in the tab. 


Show Panel Titles Sa Check to display panel titles. 


Customize User Commands... Displays the Customize User Commands dialog box, 
which allows you to add commands to or remove 
commands from a custom User Commands panel in 
the active ribbon tab. 


Undock Ribbon Changes the ribbon to a floating state. 


Docking Positions n Provides a submenu with options for docking the 
_ | ribbon in the default top position or to the left or 
right of the main graphics area. — 


Figure 1-28. 
Floating the ribbon 
is an example of 
basic interface 
customization. 


Right-click to Right-click to access 
access the ribbon docking options 
shortcut menu 


Pick to close 
the ribbon 


Scroll bar 


Panels 


Right-click to 
access scrolling 
options 


Pick to access 
additional tabs 


| sticky panel: A 
ribbon panel moved 
f d a j ; . 
aan abar ie Drag a panel from a tab and drop it in the graphics window to create a sticky 
drawing window. panel. See Figure 1-29. A sticky panel conveniently remains on-screen when you select 


j grabbars:Bars a different ribbon tab. Hover over a sticky panel to reveal grab bars for moving the 
. that appear at the r ; r ; . s 
edge(s) ofa docked panel and buttons for returning the panel to its appropriate ribbon tab and adjusting the 


or floatingitem; orientation of the title. You can also drag and drop a sticky panel back into a ribbon tab. 
_ used to move the 


item. 


eS I oo 
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Figure 1-29. 


A sticky panel created by dragging the Create panel from the Model tab and dropping it into 
the graphics window. 


Pick to expand 

the panel Pick to return the 
panel to its default location 
in the ribbon 


Pick to change the 
location of the title and 
expansion button 


Hold down mouse button 
and drag to move the panel 
to a new location 


The Application Menu, Quick Access toolbar, and ribbon replace | 
traditional menu bars, toolbars, and the panel bar. Youcan customize 
the interface as desired, including displaying traditional interface 
items. 


Exercise 1-9 —_—_ - 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-9. 


Keyboard Keys 


An alternative method to access some Inventor tools and options is to press keys Ẹi shortcut key 
on the keyboard, known as shortcut keys or keyboard shortcuts. Some tools initiate tee a 


when you to press a single key, while others require that you press a key combination. ff Single key orkey 
Keyboard keys provide quick access to certain tools, but they require you to memorize ff issue a command or 
key or key combination functions. janes 

Whenever it is necessary to cancel a tool or dialog box, press the escape key [Esc]. 
You may have to press [Esc] two or more times to cancel the operation. Function keys 
provide instant access to tools. Control and shift key combinations require that you 
press and hold the [Ctrl] or [Shift] key and then press a second character. You can initiate 
several tools using [Ctrl] combinations. A tooltip typically indicates if a key combina- 
tion is available. 

A tool or option accessible by typing appears as a graphic in the margin of this 
textbook, like the example shown in this margin. The graphic in the example shown 
in this margin represents the process of pressing the E key on the keyboard to access 
the Extrude tool. 


escape key: 
Keyboard key used 
to cancel a too! or 
exit a dialog box. 


| function keys: 
The keys labeled 
[F1] through [F12] 
along the top of the 
_ keyboard. 


Even though you will not be able to access some tools by typing 
keyboard shortcuts, you must still enter values at the keyboard. For 
example, you may have to enter the diameter of a circle or type a 
note using the keyboard. 
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_ browser (browser 
bar): A panel that 
displays all the 
items in the current 
model or drawing. 


_ parent node: An 
item in the tree 
structure, similar 
to a folder, that is 
associated with 
subordinate child 

» nodes. 


child node: 
_ Subordinate nodes 
that create, are 
associated with, or 
are consumed by a 
parent node item. 
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The [Esc] key provides an effective way to exit a tool. You may also 
be able to right-click and select an option such as Done, or access 
another tool to exit a tool. [Delete] allows you to remove an item and 
may be the only way to delete certain selections or settings from 
a dialog box. Press [Enter] or the space bar to access the previously 
used tool. 


plemental Keyboard Shortcuts 

r aterial For a list of default keyboard shortcuts, go to the Student Web 
site (www.g-wlearning.com/CAD), select this chapter, and select 
Keyboard Shortcuts. 


Browser 


The browser, or browser bar, provides a historical reference of file content. For 
example, the part file browser displays all elements of the part model in the order in 
which you create the items. See Figure 1-30. The number and type of items available 
in the browser vary depending on the current file, work environment, and design 
stage. You can make changes to file content directly in the graphics window or from 
the browser. 


Items in the browser are listed in the order they were created or 
inserted, although it is possible and sometimes necessary to drag 
and drop browser items up or down in the list to change the order. 


A tree structure, with parent nodes and child nodes, arranges many of the items 
in the browser. For example, a sketched feature is a parent node, and the sketch used to 


Figure 1-30. 
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create the feature is a child node. The Origin folder is another example of a parent node. 
To display child nodes, pick the Expand button (+ symbol) to the left of the item name 
or right-click on the item name and select Expand All Children. To hide child nodes, 
pick the Collapse button (— symbol) to the left of the item name or right-click on the 
item name and select Collapse All Children. An element in the browser is active when 
all other items display a gray background. 


items, including the Inventor and file windows and the browser. 
Different options and functions are available, depending on the 
particular interface item and floating or docked state. 


Status Bar 


The status bar appears along the bottom of the Inventor window. See Figure 1-31. 
The left side of the status bar provides information about a tool option by displaying a 
help string or prompt. For example, when you access the Line tool to sketch a line, the 
prompt states Select start of line, drag off endpoint for tangent arc. 

Panes on the right side of the status bar indicate the number of occurrences in the 
document, number of open documents, and memory usage. A coordinate display field 
or the constraint information shown in Figure 1-31 appears while you are sketching. 


Pay close attention to the prompts displayed at the status bar. 


Exercise 1-10 —— 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-10. 


Dialog Boxes 


Inventor uses dialog boxes throughout the design and drafting process. A dialog 
box appears whenever you pick a button displaying an ellipsis (...). Dialog boxes also 
commonly appear when you access a tool. Dialog boxes contain many of the same 
elements found in other interface items, including icons, text, buttons, and flyouts. 
Figure 1-32 shows examples of two dialog boxes with several common dialog box 
elements. 


Figure 1-31. 
The status bar displayed when a part file is open. 
Sketch Number of Number of Displays 
Help string resources occurrences opendocuments memory usage 


Chapter 1 Introduction to Autodesk Inventor 


help string: A short 


* text description of 


what happens if 
you select a tool 


: or option over 


which the cursor is 
hovering; or, if a tool 
is active, a prompt 
indicating the 


’ appropriate action. 


_ dialog box: A 


window-like part of 
the user interface 
that contains 


- various kinds of 


information and 


< settings. 
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Figure 1-32. Pick a 
menu option or tool 
button that includes 
an ellipsis (...) to 


Drop-down list 


. 0 Printer 
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Status: Ready box 
Type: HP Lasenet P1505 
, Where: USBO01 i 
Radio on Paint to file 


button 


, Print range 


Text 
box 


Command 
button 


Tabs Preview box 


Color scheme Bacal DORON ett a 
|i i 
: |Deep Blue | 1 Color x] i 
Forest Jaj i@ 
High Contrast File name: 
Millennium g 


Presentation presentation-S.png | E 
{Sky i 


Use the cursor to set items in a dialog box. Many dialog boxes include images, 

| ae eh ik preview boxes, or other information to help you to select appropriate options. Enter 
box that displaysa Characters in text boxes to specify specific values. When you pick a button in a dialog 
A cies box that includes an ellipsis (...), another dialog box appears. You must make a selec- 
tion from the second dialog box before returning to the original dialog box. A button 


with an arrow icon requires you to select in the graphics window. 


You must complete an operation in a dialog box or cancel the dialog 
box to continue working. 


Exercise 1-11 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-11. 
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plemental Using the Customize Dialog Box 

aterial For information about using the Customize dialog box to 
customize the Inventor interface, go to the Student Web site 
(www.g-wlearning.com/CAD), select this chapter, and select Using 
the Customize Dialog Box. 


Most projects include a number of files and multiple file types. Each file presents 
or organizes a different aspect of the project. Documents associated with a project 
usually relate closely to each other. This is especially true when you are documenting 
a project with Inventor, because files reference other files. By opening multiple files at 
the same time, you can easily work between files and reference information contained 
in related documents. 


Window Fundamentals 


Each file you start or open in Inventor appears in its own window. The file name 
displays on the window title bar if the window is floating. The active file name appears 
on the Inventor window title bar. Standard Windows operating system window controls 
are available for adjusting the Inventor and file windows. To minimize, maximize, or 
close the Inventor window or file windows, pick the appropriate icon in the upper- 
right corner. You can also adjust the Inventor window by right-clicking on the title bar 
and choosing from the window control menu. Window sizing operations are also the 
same as those for other windows within the Windows operating system. 


Use the Save All tool available from the Save menu of the Application 
Menu to save changes to all open files. Use the Close All tool available 
from the Close menu of the Application Menu to close all open files. 


Document Tabs 


When you open two or more files, a document tab corresponding to each file 
appears above the status bar. See Figure 1-33. Document tabs are often the best way 
to manage and work between open files. Files are arranged in the order opened, with 
the file opened first on left side of the row. Drag a tab to the left or right of another tab 
to change the initial order. If you open so many files that tabs spread past the screen, 
use the Scroll Right and Scroll Left buttons that appear to the right of the tabs to access 
open files. 

The highlighted tab identifies the active file. Hover over a tab to display an image 
of and path to the file. Pick a tab to make the file window active. You can also pick 
the Open Documents flyout, selected in Figure 1-33, to display, preview, and access 
an open file. Right-click on a tab to access options for closing, restoring, minimizing, 
maximizing, saving, and accessing iProperties of the associated file. This is a conve- 
nient way to mange individual files without first activating a file. Select the Cascade 
button to arrange open files in a cascading format. See Figure 1-34A. Pick the Arrange 
button to arrange open files in a tiled format. See Figure 1-34B. 
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Figure 1-33. 
Use document tabs to manage multiple open files. 
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Additional Window Control Tools 


The Windows panel of the View ribbon tab also provides options for viewing open 
files. Pick the Switch Windows flyout to display a list of all open files. Select a file from 
the flyout to make active. The Tile and Cascade buttons control the arrangement of 
open drawings, as shown in Figure 1-34. 

Pick the Open Documents button in the Application Menu to display a list of open 
files in the Application Menu. Files are listed numerically in the order opened. You 
can display open files as icons, small images, medium images, or large images by 
picking the appropriate option from the a options flyout. To activate a different 
file window, pick the file from the list. 


Another effective technique for switching between open drawings 
is to press [Ctrl]+[F6]. 


' check box: A 

_ selectable box that 
turns an item on 

_ (when checked) 
or off (when 

~ unchecked). 


| Turn interface items on and off using the appropriate close func- 
tion, or use the check boxes available from the User Interface flyout 
in the Windows panel of the View ribbon tab. 


Exercise 1-12 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-12. 
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Figure 1-34. 


A—Arranging open windows using the Cascade option. B—Arranging open windows using 
the Tiled option. 
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Apali@ation 
Options 


Inventor system options are contained in the Application Options dialog box. See 
Figure 1-35. System options apply to the entire program and are not specific to a file. 
However, many application options help configure specific work environments and 
design and drafting tasks. For example, options in the Sketch tab control functions 
specific to preparing sketches. 

Application options control an extensive number of Inventor functions. For 
example, redefine your username in User name text box of the General tab. Inventor 
references the username to identify who has worked on a file. Another example in the 
General tab is the Start-up action check box. When selected, this check box allows you 
to choose to display the Open dialog box, display the New File dialog box, or immedi- 
ately begin a new file using a selected template when you launch Inventor. 

As you learn Inventor, you will become familiar with many application options, 
and you may need to adjust the settings to fit your needs. You should explore the 
Application Options dialog box and learn to recognize the purpose and usefulness of 
each option. This textbook describes specific application options when applicable. 


Figure 1-35. 


The General tab of the Application Options dialog box. The Application Options dialog box 
controls many general, file-specific, and environment-specific program settings. 
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HETE; 


Pick a tab to 
access specific 
application 
options 
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options before 
closing 


Exercise 1-13 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 1-13. 


Shortcut 


If you need help with a specific tool, option, or Inventor feature, use this textbook as [help Topics.. 


a guide, or reference the help system contained in the Autodesk Inventor Help window. 
See Figure 1-36. In addition to the methods shown in the margin, you can access the 
Autodesk Inventor Help by pressing the [F1] key or picking the Help icon that is present in 
many dialog boxes. The help file system is similar to other Windows-based help files. 
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If you press the [F1] key while you are in the process of using a tool, 
help information associated with the active tool displays. This context- 
oriented help saves valuable time, since you do not need to scan through 


o : ri help: Help 
the help contents or perform searches to find information. 


information for the 


| context-oriented 
’ active tool. 


InfoCenter 


The InfoCenter, located on the right side of the application title bar and shown 
in Figure 1-36, allows you to search for help topics using the text box, without first 
displaying the Autodesk Inventor Help window. The InfoCenter also provides buttons 
for access to the Subscription Center, Communication Center, and Favorites list. 


Figure 1-36. 
Get help using the Autodesk Inventor Help window and InfoCenter. 
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Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wlearning.com/CAD) and complete the elec- 
tronic chapter test. 


What does the acronym CADD mean? 

Define solid model. 

How is a drawing different from a solid model? 
What are drafting standards? 

What is another name for tools? 

Name the four basic file formats used in Inventor. 


. What are components? 

. Briefly describe parametric design and drafting. 

. What are geometric constraints? 

. How are dimensional constraints different from geometric constraints? 
. What does it mean to say a design is fully constrained? 

. What is the purpose of a sketch? 

. How do placed features relate to sketches? 

. What are work features? 

. What does it mean to hover? 

. Define default. 

. What term identifies a set of related buttons that appears when you pick the arrow 


next to certain tool buttons? 


. Briefly describe how to open and save a new file. 

. When and why does an alert display? 

. Briefly describe the Inventor user interface. 

. Describe the graphics window. 

. What is a command alias? 

. What name is given to small stubs at the top or side of a page, window, dialog box, 


or palette, allowing access to other portions of the item? 


. What is the ribbon? 
. What term describes interface items that are locked into position on an edge of the 


window (top, bottom, left, or right)? 


. What is the basic function of the [Esc] key? 


What term describes the keys labeled [F1] through [F12] along the top of the 
keyboard? 


. What two window control tools allow you to organize multiple files so they can 


all be seen and accessed in the graphics window? 


. Briefly explain how to change Inventor system options that apply to the entire 


program. 


. How can you open the Autodesk Inventor Help window? 
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Problems 


Launch Inventor and complete the activities described in each problem. 


1. Perform the following tasks: 
A. Begin a new Inventor assembly file using a template of your choice. 
B. Explore the Application Menu by picking any of the menus and moving the 
cursor down and up through the menu options. 
. Pick the Application Menu and highlight the New menu. 
. Pick the Open button in the Application Menu to display the Open dialog box. 
. Press the [Esc] key to close the Open dialog box. 
Pick the Options button to access the Application Options dialog box. 
. Pick the Close button to exit the Application Options dialog box. 
. Close the assembly file without saving. 
rform the following tasks: 
. Begin a new Inventor part file using a template of your choice. Explore the 
default part interface. 
. Close the part file without saving. 
. Begin a new Inventor assembly file using a template of your choice. Explore 
the default assembly interface. 
. Close the assembly file without saving. 
. Begin a new Inventor drawing file using a template of your choice. Explore 
the default drawing interface. 
Close the drawing file without saving. 
. Begin a new Inventor presentation file using a template of your choice. Explore 
the default presentation interface. 
. Close the presentation file without saving. 
3. Perform the following tasks: 
. Begin a new Inventor part file using a template of your choice. 
Locate and explore the Quick Access toolbar. 
. Place the cursor over several toolbar buttons and observe the tooltip and help 
strings provided. 
. Pick one of the flyouts located in the Quick Access toolbar and select one of 
the flyout options to initiate a tool. 
4. Perform the following tasks: 
A. Open blade_main.ipt from the following folder: 
Autodesk/Inventor 2010/Samples/Models/Assemblies/Scissors/Components 
B. Right-click on the ribbon and pick Small from the Ribbon Appearance 
cascading menu. Right-click on the ribbon and pick Compact from the Ribbon 
Appearance cascading menu. Right-click on the ribbon and pick Text Off from 
the Ribbon Appearance cascading menu. Right-click on the ribbon and pick 
Normal from the Ribbon Appearance cascading menu. 
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C. Locate and explore the default browser. 

D. Drag the End of Part indicator up and above Sketch4 and notice the changes. 

E. Pick the Expand [+] button to the left of the Origin folder to expand all 
children. 

F. Right-click on the Origin folder and select Collapse All Children. 

G. Close blade_main.ipt without saving. 
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. Write a brief description of the Inventor interface. Include answers to the following 


questions: What is an interface? What are the primary Inventor interface items, 
and how do they function? Reflect on the concept of a computer software inter- 
face. Are some of the Inventor interface items similar to those in other programs 
you have used? Submit a hard copy of your description to your drafting instructor 
or supervisor. 


. Write a short description of each of the four Inventor file types. Include informa- 


tion about file extensions and describe when you should use each file type. Reflect 
on the capabilities of Inventor. How is Inventor similar and different from other 
CADD programs you may have used? Submit a hard copy of your description to 
your drafting instructor or supervisor. 


. Write a brief report on each part model element and the importance of constraints 


and parametric associations in parametric design and drafting. Reflect on your 
understanding of parametric modeling, and describe your experience with 
working in parametric situations. Submit a hard copy of your report to your 
drafting instructor or supervisor. 


. Create a new part file and draw a freehand sketch of the standard Inventor screen 


display. Label each of the screen areas and the interface items described in this 
chapter. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Create and edit design project files. 

Access and create template files. 

Control document settings. 

Specify iProperties. 

Explain the purpose of styles and standards. 


Sa SN SN 


Before you begin creating models and drawings, you should recognize the tools 


and options that assist in organizing and setting up a design session. Proper plan- qrelanisession: 
. “68 . . . . Ime spent workin 
ning and use of specific file preparation and management tools and techniques will f onaproject. 7 


5 one : : p including analyzing 
increase your success and productivity. This chapter explains setup functions that are design paier 


important for planning and completing a design. and using Inventor. 


Inventor requires that design stages and documents within a design associate 
with each other. Figure 2-1 shows the file structure for a small design project and 
illustrates file referencing. The exploded assembly drawing file, for example, refer- 
ences a presentation file, which references an assembly file, which references three 
part files. Inventor must maintain links between files to enable proper file referencing 
and preserve parametric relationships. An assembly file, for example, only references 
component files; the assembly file does not house the components. If you move or 
delete the component files, the assembly is unable to reference the needed files. 
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paisa Ee Projects help organize connections between files and aid in the design process. 
organize folders Projects are separate files that carry the .ipj extension. Create and use as many projects 

and files for specific as necessary to manage your work in an efficient manner. Typically, you should develop 
a project for each unique job or design project. A project is a virtual or electronic form 
of a real project, such as the guitar shown in Figure 2-2. The guitar design consists of 
parts, subassemblies, an assembly, technical illustrations, and a complete set of working 
drawings. The project created specifically for the guitar design contains and manages 


each part, assembly, presentation, and drawing file associated with the guitar. 


Figure 2-2. 

Using a project to organize all folders, files, and relationships between files necessary to build 
a product, such as this guitar, will help you become an efficient and successful Inventor user. 
(Model courtesy of Ethan Collins) 
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Using the Projects Dialog Box 


Use the Projects dialog box to create and adjust projects. See Figure 2-3. The New REZ 
Get Started 
> Launch 


File and Open dialog boxes include a Projects... button for convenient access to the 
Projects dialog box. The upper pane displays loaded projects. The Project name column 
lists the name of each project, and the Project location column identifies the path to the 


corresponding project file. Click once on a project name to view and manage associ- Projects 
ated project files and settings in the lower pane. To activate the project, double-click on 

the project in the upper pane or select the project and pick the Apply button. A check 

mark to the left of the project name identifies the current project. 


The current project remains active until you activate a different | 
project. An alert message appears if you open or save a file in or 
from a location not specified in the current project. You must close 
all Inventor files in order to activate a different project. 


Activate a project while using the Open or New File dialog box by 
selecting a project from the Project file drop-down list. 


Exercise 2-1 


Access the Student Web site (www.g-wlearning.com/ CAD) and 
complete Exercise 2-1. 


Figure 2-3. 
This Projects dialog box allows you to create and manage Inventor projects. 
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Creating a Project 


To create a project, pick the New button or right-click on a project in the upper pane of 
the Project dialog box and select New... to display the Inventor project wizard. By default, 
and if the Autodesk Vault software is installed, the first page of the Inventor project wizard 
contains the options shown in Figure 2-4. Autodesk encourages the use of Vault to manage 
design team projects. This textbook focuses on the process of creating and using single-user 
projects without Vault. Pick the New Single User Project radio button to create a new single 
user project. Then pick the Next button to advance to the next page. 


Pick the Cancel button at any time to cancel the Inventor project 
wizard, or pick the Back button to return to the previous page. 


The next page provides a Project File area to define the name and location of the 
project file. See Figure 2-5. Consider a project to be a resource that manages folders and 
files associated with a design project. For example, the designer of the guitar described 
previously may store all folders and files related to the guitar in a folder titled Guitar, 
which is stored in a folder such as My Documents on the C: drive. Inside the Guitar folder 
might be subfolders, such as Parts, Subassemblies, Presentations, and Drawings. The guitar 
project file coordinates the location of each folder in the Guitar folder, along with any 
other folders outside of the Guitar folder that are associated with the guitar design. 

Enter a descriptive name for the project file in the Name text box. Then pick the 
ellipses (...) button to access the Browse For Folder dialog box. Use the dialog box to 
pick a folder, or workspace, to store project subfolders and files. To create a folder if 
a folder does not exist, pick the Make New Folder button. The project name is often 
the same as the name of the main folder in which you store subfolders and files, as 
specified in the Project (Workspace) Folder text box. For example, store the exercise 
and problem files you create in this textbook in an Exercises and Problems folder, which 
you manage using a project named Exercises and Problems. 


Projects can reference many folders and, as a result, do not need to 
share the name of a specific folder. 


Figure 2-4. 
Use the first page of the Inventor project wizard to specify the project type. This textbook 
focuses on the creation of single-user projects. 
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Figure 2-5. 

Use the second 
page of the Inventor 
project wizard to 
assign a name to the 
project and specify 
its location. 
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Once you specify the project name and location of project subfolders and files, 
pick the Next button to display the last page. See Figure 2-6. The last page allows youto _ 
assign library search paths to existing libraries for the project. Only libraries assigned f library search 
‘ F f ; f paths: Locations in 
to the current project are available. To add a library search path, select the libraries to add {f which inventor looks 
from the All Projects: list box and pick the Add selected libraries button. Pick the Delete J (yore iter or 
selected libraries button to remove a library search path. After you complete each page © the network. 


of the wizard, pick the Finish button to create the new project file. The project appears ff library: A folder 
E è 5 a.) torn A ~ that contains files 
in the upper pane of the Projects dialog box and is initially not active. used in a project 


or several different 
— projects. 


Exercise 2-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 2-2. 
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Managing Projects 

Right-click on a project in the upper pane of the Projects dialog box to access options 
for creating a new project and for renaming, locating, or deleting an existing project. The 
Rename and Delete options become enabled only when you right-click on an inactive 
project. Pick the Rename option to type a new name for the project. Select the Delete 
option to remove the project from the list without eliminating the project file. 

Select the Browse... option to display an existing project that is not currently 
shown in the Projects dialog box. The Choose project file dialog box appears, allowing 
you to locate an existing project file. Select the Open as read-only check box to open 
the project file as read-only. Retrieving an existing project is common if you reinstall 
Inventor, delete the project from the list, or move to a different workstation. 


Even if you delete a project from the Projects dialog box, the project file 
| remains until you delete the file from your computer. Use the Browse... 
option to retrieve such a project, instead of recreating the project. 


The lower pane of the Projects dialog box displays a Project folder with folders or 
categories that specify how a project searches for files and operates. Use as few or as 
many project search paths and controls as needed, based on the location of required 
folders and files. Remember that the purpose of a project is to ensure that Inventor can 
efficiently find and reference files and design content and to help you work produc- 
tively. Figure 2-7 shows an example of a project search path structure. Refer to this 
figure as you learn the items often included in a project. 

Expand a folder or category within the Project folder to view the specified folders or 
options. To make changes to a folder or category, or to the content of a folder or category, use 
the buttons available to the right of the lower pane, identified in Figure 2-3, or right-click 
on the item and select an option. Figure 2-8 describes options you may find in a shortcut 
menu in addition to standard clipboard functions. Selecting a menu option may display 
text boxes for typing a value or path and a Browse button for locating a folder or file. 


än Project file 


Figure 2-7. 
Projects, project 
search paths, and 
project options can 
be confusing. Use 
this figure to help 
recognize project 
categories and 
understand single 
user project search 
paths. 
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Figure 2-8. 
Options you may find when you right-click on a project category, folder, or option. Some of 
the same functions are also available from the buttons to the right of the lower pane. 


Adds a new search path or option or edits an existing one. 


Opens a project file for editing in the Projects dialog box. 


Add Path Adds a search path to a folder. -E 


Add Paths from Directory Provides the Browse For Folder dialog box to locate a 
search path. 


Add Paths From File Adds all search paths assigned to an existing project file 
to the selected project. l 


Add Proxy Path Provides the Browse For Folder dialog box to locate a 
search path. l 


Paste Path Pastes a copied or cut search path. l 


Move Up Moves a folder up in the list soit will be searched sooner. 
Move Down Moves a folder down in the list so it will be searched later. 
Delete Removes the search path or option from the project. 


Delete Selection Paths Removes all libraries in a single operation. — 


Use Default Folder Returns a folder to the default folder. 


Included File 


Add an included file to have access to search paths and information in another menaaughe: An 
project file. You can add one included file to the project in order to combine the project f inked to the current 


linked to the current 
file with the content of the included file. | project. 


Workspace 


The Workspace folder is the location in which you keep most folders and files asso- 
ciated with a specific project. The workspace for the guitar project example is the Guitar 
folder previously described. A project does not require a workspace, but removing a 
workspace often defeats the purpose of using a project. The Default project is available 
without a workspace for applications in which a project is not necessary. When you 
use a project without a workspace, Inventor looks everywhere on your computer or the 
network to locate files. A project can include a single workspace. 


Workgroup Search Paths 


The Workgroup Search Paths category can include one or more workgroup folders. 
Workgroup search paths must be separate from the workspace. You typically assign 
workgroup folders to projects for locating files on a server or other computers on a 
network, primarily in a design team setting. 


Libraries 


The Libraries category can include one or more library folders. Add a library to a 
project to provide a link to common or shared files that are often used for multiple proj- 
ects. An example of a library is a Screws folder that contains machine screw part files. 
Extensive library systems are common in mechanical design and drafting. For example, 
a folder named Fasteners might include separate folders named Screws, Washers, and 
Nuts, each containing many part files. Adding libraries to a project increases productivity 
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by making library components easily accessible and maintaining file references. Use a 
descriptive name for a library, usually the same name as the selected library folder. 


Saving standard components inside a workspace makes it difficult 
to locate and reference library files for use in other projects. Store 
standard parts and subassemblies in appropriate library folders, 
| separate from the project, and then add the library search path to 
J projects as needed. 


Frequently Used Subfolders 


frequently used The Frequently Used Subfolders category can include one or more frequently used 
ide within: “| subfolders. Use frequently used subfolders in the same way you use subfolders for 


projectthatstores folder and file organization. You must store frequently used subfolders in the work- 
the paths to folders. À : 9 
andfiles youuse ` Space folder. For example, a project might include a frequently used subfolder named 


ae: Parts, stored in the project folder, that contains all part files specific to the project. 


Exercise 2-3 


Access the Student Web site (www.g-wlearning. corn/CAD) and 
complete Exercise 2-3. 


Folder Options 


The Folder Options category contains Design Data (Styles, etc.), Templates, and 
Content Center Files folders. These folders allow you to customize access to design data, 
including styles, templates, and content center files. Create your own folders and files 
within the folders, in a location of your choice, and then link those folders to a specific 
project. This allows default design data, templates, and content center files to remain 
unchanged, while providing you easy access to specific folders related to the project. 


plemental Project Options 

aterial For information about the Options category in the lower pane 
of the Projects dialog box, including options for saving old 
versions of the project and importing non-Inventor files, go 
to the Student Web site (www.g-wlearning.com/CAD), select this 
chapter, and select Project Options. 


Manage projects outside of Inventor using the Inventor Project Editor 
2010 available by selecting the Windows Start button > Programs > 
Autodesk > Autodesk Inventor 2010 > Tools > Project Editor or by right- 
clicking on a project file and selecting Edit. The Inventor Project 
Editor 2010 functions the same as the Projects dialog box, but it 
also contains an Inventor button to launch Inventor. Double-click 
on a project file in Windows Explorer to launch Inventor with the 
selected project active. 
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Opening and Saving Files 

When you activate a project other than the Default project, the Open, Save As, Save 
Copy As, and all similar dialog boxes display the folder assigned to the current project 
by default, allowing you to locate folders and files associated with the active project. 
Figure 2-9 illustrates the link between the current project and the Open dialog box. 
The link provides an effective means of working with project files without spending 
significant time navigating to file locations. The pane in the upper-left corner of the 
Open or Save dialog box provides convenient access to project categories, including 
libraries and frequently used subfolders. Pick the Workspace icon to navigate back 


Figure 2-9. 
The benefit of creating and using projects is apparent when you open or save files in the 
active project. 
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to the project (workspace) folder. Although the contents of the active project appear 
initially, you can still locate and open any file on your computer or the network as 
needed. 


Template options and specifications vary depending on the file type, project, and 
design and drafting standards. For example, you might use a template for designing 
steel parts and another for designing aluminum parts, or a template for metric draw- 
ings and another for U.S. Customary (inch) drawings. As shown in Figure 2-10, the 
Autodesk/Inventor 2010/Templates path stores the default tabs and templates found in 
the New File dialog box. The Inventor-provided templates are adequate for many appli- 
cations. However, to increase efficiency and maintain uniformity, you should create 
templates based on specific industry, school, and company standards. 

A custom template can save time and effort because file settings you establish 
are preset each time you use the template to begin a new file. For example, part file 
templates include unit settings, sketch environment grid spacing, and color, material, 
and lighting styles. Drawing file templates include unit settings, sheet content such as 
a title block and border, and drawing standards. You can develop templates for each 
file type and prepare specific templates for sheet metal part and weldment modeling. 


Figure 2-10. 
A—The default location of Inventor templates. B—The corresponding display in the New File 
dialog box. 
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Assigning Templates to Projects 


One of the best ways to organize and access templates is to assign a template 
folder to a project using the Projects dialog box or Projects Editor. This allows default 
templates and folders to remain unchanged, while providing access to custom or 
project specific templates. To assign a template folder to a project, access the Projects 
dialog box or Projects Editor and select the project to which you want to assign the 
template folder. Next, right-click on the Templates folder in the Folder Options category 
and pick Edit. Pick the Browse button to access the Browse For Folder dialog box and 
locate an existing template folder, or if you have not already created a folder, pick the 
Make New Folder button. 

Give the templates folder a descriptive name, such as Templates, and save the folder 
in an appropriate location on your computer or the network. You typically should not 
save a templates folder in the project (workspace) folder, because many projects may 
need to reference the templates. Add folders to the templates folder as needed. For 
example, you might create an Inch folder for storing inch unit templates and a Metric 
folder for storing metric unit templates. Figure 2-11 shows an example of a templates 
folder with two subfolders assigned to a project. 


Creating a Template 


You can use different methods to develop templates and create New File dialog 
box tabs. One of the most effective techniques for creating a new template is to begin 
a new file as a base for the template, followed by making changes to the file, and then 
saving the file using an appropriate template name and path. You can create a folder to 
display as a tab in New File dialog box while saving the template. 

To apply this method, if you assigned a different template folder to the active 
project, make the Default project current so that you can access existing templates. Now, 
display the New File dialog box and start a new file using an available template file. 
For example, use Standard.ipt to create a part file template. Make changes to the file as 
needed to create custom template settings and then use the Save As dialog box to save 
the file. Give the template a descriptive name, such as Part-IN.ipt, and place the file in 
the templates folder assigned to the appropriate project. If necessary, you can create a 
new folder or subfolder by selecting the Create New Folder button. Finally, activate the 
project assigned to the template folder. 

Now when you open the New File dialog box, the template tab and files you 
created are visible, as shown in Figure 2-11. A template appears in the New File dialog 


Figure 2-11. 
A—An example of a custom template folder with subfolders and a custom template file. B— 
The corresponding display in the New File dialog box. 
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box only if the file exists in the associated template folder. A tab displays only if the 
corresponding template folder contains one or more files. 
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You can also use Windows Explorer or a similar technique to copy, 
paste, and rename existing folders and files to develop templates 


The New flyout on the Quick Access toolbar and New menu in the 
Application Menu include Assembly, Drawing, Part, and Presenta- 
tion options that look in the template folder assigned to the active 
project to begin a file from a template named Standard. To access 
a custom template using the New flyout or New menu, name the 
template Standard and save the file in the templates folder assigned 
to the active project. 


Exercise 2-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 2-4. 


Document settings determine several general work environment characteris- 


| tics associated with the current file. The Document Settings dialog box, shown in 


Figure 2-12, allows you to view and modify document settings. As you learn to use 
Inventor, you will discover how specific document settings apply to design and docu- 
mentation. Once you understand the purpose of document settings, make changes to 
document settings in your template files as needed to preset the values each time you 
start a new file. This textbook describes specific document settings when applicable. 


Units 


The Units tab allows you to set the file units of measurement, or document units. 
Document units are basic file settings that you should consider as an element of design 
preparation. Figure 2-13 shows the most common units for inch and metric designs. 
Select the appropriate units of measurement for the file using the drop-down lists in the 
Units area. Choose suitable linear and angular precision values using the drop-down lists 
in the Modeling Dimension Display area. Specify how to display dimensional constraints 
by selecting the appropriate radio button. Chapter 4 describes dimensional constraints. 


Exercise 2-5 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 2-5. 
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Figure 2-12. 
The Document Settings dialog box contains options, often preset in template files, which 
control certain file or work environment characteristics. 


Partt Docüment Settings 


"Standard [units || sketch | Modeling | Bill of Materials | Default Tolerance] a 


Pick a tab to 
of General 
acce i 
ccess Spec fic Active Lighting Style 
document ra 
settings i 


Physical 
Material 


[Defaut 


Pick to apply the 
selected options 
before closing the 
dialog box 


Figure 2-13. 
The most common units and precisions for inch and metric designs. 
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iProperties assign many important file specifications. iProperties range from the 
file type and name to the physical properties of the material used to manufacture the 
product. The iProperties dialog box allows you to view and assign iProperties to each 
file. See Figure 2-14. iProperties are critical throughout the design process to organize, 
manage, and document specific design and project data. A variety of applications, 
such as title blocks, parts lists, reports, and bills of materials collect and reference the | — 
information you specify in the iProperties dialog box. . 


- characteristics. 
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Open the iProperties dialog box in Windows Explorer or Inventor 
Design Assistant by right-clicking on an Inventor file and picking 
iProperties. Within Inventor, an alternate method to open the 
iProperties dialog box is to right-click on the name of the part in the 
browser and pick iProperties. 
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Figure 2-14. 

iProperties and the content added to the iProperties dialog box are critical in certain 
parametric relationships. You will use this dialog box throughout the design process. The 
General tab of the iProperties dialog box lists general file information that you cannot modify 
directly in dialog box. 
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The iProperties dialog box contains tabs, each with specific file properties. The 
tabs include display, list, text, and check boxes; drop-down lists, radio buttons, and 
buttons for specifying properties. Figure 2-15 provides a description of the contents of 
each tab. Systematically go through the iProperties dialog box and add the properties 
appropriate to each file. This textbook describes specific iProperties when applicable. 


The Author and Designer properties use your computer user name 
each time you begin a new file, regardless of the values you enter 
in a template. To use a different value for these properties, such 
as your initials, access the General tab of the Application Options 
dialog box and change the value in the User name text box. 


You can specify properties at any time during the design process. 
However, it is most effective to define properties when you begin 
to develop a design. Additionally, you can specify many common 
properties used throughout a project in your template files so 
that every time you create a new file, the properties that remain 
unchanged are already defined. 


I I IMam 
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Figure 2-15. 
Descriptions of the content in each tab of the iProperties dialog box. If you are working 
at your computer, access the iProperties dialog box and display each tab as you read the 
description. 
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Exercise 2-6 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
$ complete Exercise 2-6. 


Models use styles to assign specific color, lighting, material, and model-specific 
characteristics. For example, if you build a model of a stainless steel bolt, you can use 
a stainless steel color, a specific lighting configuration, and a stainless steel material. 
Drawings use styles to control drawing display characteristics, including dimension 
and annotation styles and multiple other drawing elements. 


Style Management 


Inventor includes numerous default styles. If an available style is appropriate for 
your application, activate the style during the design or drafting process to assign the 
style to the file. If none of the default styles work for your application, create a copy of 
an existing style that is similar to your requirements and edit the new style as needed. 
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Styles Editor 


Save the new style in a template file to make the style available whenever you use the 
template to begin a file, or save the style to the style library to use the style in any file. 


Set appropriate styles in your templates so that the same design or 


documentation characteristics apply each time you develop a new 
file. For example, create a 10 Gage Aluminum sheet metal part template 
with a sheet metal style preset for building 10 gage aluminum sheet 


metal models. 


The Style and Standard Editor 


The Style and Standard Editor is the primary resource for observing and modi- 
fying the characteristics of existing styles and for creating and importing new styles. 
See Figure 2-16. The Style and Standard Editor contains a browser, a style area with 
multiple options, a filter drop-down list, and a number of buttons. Inside the browser 
are parent nodes associated with different styles. 

You can use the Style and Standard Editor to specify a vast number of styles and settings. 
As you learn Inventor, you will become familiar with many styles applied to models and 
drawings. You may need to adjust the settings to fit design or project requirements. Explore 
the Style and Standard Editor and learn to recognize the purpose and usefulness of each 
style. This textbook describes specific Style and Standard Editor options when applicable. 


Figure 2-16. 
The Style and Standard Editor for a part or assembly controls color, lighting, and material 
styles. Notice the large number of color styles listed in the Color Style area. Sheet metal 
parts include styles specific to sheet metal, presentations offer color and lighting styles, and 
drawings include many drawing and annotation styles 


Browser 


Style-andStandardEditur{library, ReadOnly} 


~h 
n 


Lighting 


=| E <p Material 


Back E 


r Color Style eee 


Style area 


Filter list 


Name 
Al2-03 (Polished-Dark) 
412-03 (Polished) 
Aluminum (Cast) 
| Aluminum (Flat) 
Aluminum (Machined) 
Aluminum (Polished) 
Beige (Dark) 
Beige (Light) 
Beige (PC) 
Black 
Black (Casting) 
Black Asphalt 
Black Chrome 
Black Vinyl (texture) 
Blue 
Blue (Clear) 
Blue (Clear/Polished) 
` | Blue (Flat) 
Blue (Sky - Bright) 
Blue (Sky) 
Blue Chrome 
Blue Gray 
Blue Gray (Dark) 
| Blue Gray (Dark/Polished) 
Blue Gray (Light) 
Blue Hummingbird 
Blue Pastel 
Blue Sea 
Blue Tiles 
Brown 
_| Brown (Flat) 
Bubblegum 
Carbon (Fiber) 
i Cardboard (Corrugated) 


a 


Library 
Library 
Library 
Library 
Library 
Library 
Library 
Library 
Library 
Library 


eer 


Inventor and Its Applications 2010 


m~ Chapter Test 


. Answer the following questions. Write your answers on a separate sheet of paper 
B® or go to the Student Web site (www.g-wlearning.com/CAD) and complete the elec- 
tronic chapter test. 


What are projects? 

Explain the purpose of using projects in Inventor. 

Define workspace. 

What is a library? 

Which libraries are available for a specific project? 

Explain how to specify a library search path for a project. 

Briefly describe how to create a new project. 

Describe how to change the name of an existing project from within the Projects 
dialog box. 

What is an included file? 


. Give an example of a library. 
. Explain how to ensure quick and easy access to frequently used folders within a 


project. 


. Explain the benefit of creating your own custom templates and assigning them to 


your projects using the Projects dialog box. 


. Why should you select a location other than your project folder to store your 


template files? 


. Define document units. 
. What unit of linear measurement is common in metric design files? 


Briefly describe iProperties and explain what they represent. 

Describe a process that would allow a company’s engineering and manufacturing 
divisions to digitally “sign off” on a product design. 
Explain how and where styles are used and give an example of when you might 
use a style to enhance a project. 

What can you do if none of the styles provided with Inventor fit your needs for a 
particular project? 


. What is the primary resource for modifying existing styles and creating new 


styles? 


Chapter 2 Design Preparation 


67 


Problems 


Launch Inventor and complete the activities described in each problem. When you are finished, 
continue working with Inventor or exit if necessary. 


1. Create a new single-user project named Problem 2-1. Place the project in a new 
folder named Problem 2-1, in a location somewhere on your hard drive or the 
network. Do not add an included file, libraries, or frequently used subfolders. 
Leave all options set as default. 

2. Begin anew Inventor part file. Access and close the Projects dialog box, Document 
Settings dialog box, iProperties dialog box, and Style and Standard Editor. 

b Aintermediate| | 3. Create a new single-user project named Problem 2-3. Place the project in a new 

“a folder named Problem 2-3, in a location somewhere on your hard drive or the 

network. Then perform the following tasks. 

A. Include your Exercises and Problems project file. 

B. Add a frequently used subfolder named Subfolder. 

C. Delete the project you just created from the list in the upper pane of the 
Projects dialog box. 

D. Use the Browse function to locate the deleted project and return it to the 

Projects dialog box list. 

S intermediate] | 4. Write a brief description, in your own words, of the properties found in each of 

gy the iProperties dialog box tabs. Submit a hard copy of your description to your 

' drafting instructor or supervisor. 

vA intermediate] | 5. (REQUIRED) Create a metric part file template. You will use the template throughout 
_ this textbook to create metric unit part models. The following steps guide you 

through the process of creating the template. 

A. Access the Open dialog box and select Default.ipj from the Project file drop- 
down list to activate the Default project. Pick the Start a New File button to load 
the Default project and display the default template tabs and templates. 

B. Start a new part file using the Standard (mm).ipt template on the Metric tab. 

C. Save the file as Part-mm.ipt in your Metric folder. 

D. Access the Document Settings dialog box and change the linear precision 
to 1.1. Confirm that linear units are set to millimeter, angular units are set to 
degree, time is set to second, mass is set to kilogram, and angular precision is 
set to 2.12, and that the Display tolerance radio button is selected. 

E. Pick Apply and close the Document Settings dialog box. 

F. Access the iProperties dialog box and type the appropriate initials, or your 
initials, in uppercase letters in the Author, Manager, Designer, Engineer, 
and Authority text boxes. Type the appropriate initials, or the initials of 
your instructor or supervisor, in uppercase letters in the Checked By, Eng. 
Approved By, and Mfg. Approved By text boxes. Type the name of your school 
or company in the Company text box. Type 0 in the Revision number text box. 
Type the Web address of your school or company in the WEB link text box. 
Leave everything else blank or set as default. 

G. Pick Apply and close the iProperties dialog box. 

H. Save and close the template file. 

S I. Reactivate the Exercises and Problems project. 

KA Advanced 6. Write a brief report on the purpose and importance of Inventor projects. Identify 

Eo a real-world design project and describe how you would use an Inventor project 

to organize and manage the files. Submit a hard copy of your report to your 

s instructor or supervisor. 

A Advanced | | 7. With the Exercises and Problems project active, access the Open dialog box and pick 

e the Samples library to navigate to the Samples folder. Open the Suspension.iam file 

from the following folder: Samples/Models/Assemblies/Suspension. Draw a freehand 

sketch of what you see on-screen, not including the Inventor interface items. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Describe and apply sketching fundamentals. 

Sketch lines, splines, circles, ellipses, and arcs. 

Infer geometric constraints and set sketch linetype. 
Sketch rectangles and polygons. 

Add fillets, rounds, and chamfers to sketch geometry. 
Add center points and sketch points. 

Create sketch text. 


SNS SS SN NN 


Sketches usually represent the first step in the creation of a model. Sketches 
provide profiles, paths, and other reference geometry needed for developing sketched 
features. You use sketches throughout the model design process and when adding 
content to drawings. This chapter introduces 2D sketching and describes several 2D 
sketch geometry tools. 


| profile: The side or 
, section outline of a 
_ sketched feature. 


_ path: A guide, or 

-= route, for creating 

_ sketched features; 

_ directs the route of a 
profile. 


You can use several different methods or combinations of methods to create a 
sketch. Typically, the first step involves sketching basic shapes using sketch geometry tools, 
such as Line. See Figure 3-1A. Next, constrain the sketch as shown in Figure 3-1B. Once 
you finalize the shape, the sketch is ready to produce a feature. See Figure 3-1C. 


Purpose of Sketches 
shows a basic sketch used as a profile to ature. A single dimensional 
constraint controls the diameter of the base feature. Adding several features creates 
the final part, a valve stem. In contrast, Figure 3-3 shows a complex sketch used as 
a profile to create a base feature. Many dimensional constraints control a significant 
portion of the final part geometry. Adding a small number of features completes the 
part, a flat spring. Notice that the sketch in Figure 3-2 is oriented horizontally, and the 
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Figure 3-1. 

A—Initial sketch geometry is often a basic outline. Use the Line tool to sketch this shape. 
B—Define sketches using geometric and dimensional constraints. Coincident, horizontal, 
perpendicular, and parallel geometric constraints are required to constrain this sketch. 
C—A sketched feature built from the final sketch. 


Basic sketch shape Dimensional 
created using Line tool constraint 


Figure 3-2. 

A—A sketched circle defines the diameter of the base feature. B—A base feature created 
by extruding the circle. C—The finished valve stem requires several additional features to 
modify the base feature. 
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sketch in Figure 3-3 is oriented vertically. Choose the appropriate sketch orientation 
for each sketch, depending on the characteristics and orientation of the related feature, 
part, and eventual drawing. 


Guidelines 

Sketching is one of the most critical and often time-consuming phases of model 
development. Proper sketching techniques significantly increase productivity and help 
ensure the creation of correct models and drawings. Consider the following guidelines 
when developing sketches: 
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Figure 3-3. 
A complex sketch used to create the base feature and the primary geometry of a flat spring. 
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open loop are volumeless surfaces. 
e Fully constrain a sketch to preserve design intent, unless the sketch shape 
should be able to adjust to changes made to associated geometry. 


e Create a closed loop profile when possible. Most features created using an i close 
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__ PROFESSIONAL TIP 


You may have to dedicate a significant portion of model develop- 
ment to sketching. Accurate sketches that are appropriate for the 
model minimize design errors, increase revision effectiveness, and 
reduce time spent designing and drafting. 


2D plane: A flat, 
-infinite 2D surface. 


center point: 
The point at the 


intersection of the X, 
_ Y, and Z axes in 3D 
space, or 0,0,0, 


` coordinate 

_ system: The 
system of XYZ 
coordinate values 
that defines the 
location of points in 
3D space. 


r. See Figure 3-4. Sketches for additional features can 
also reference origin planes. Each plane intersects at the center point of the coordinate 
system. See Figure 3-5. 
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Figure 3-4. 
A—Position sketches using the 2D planes available in the Origin folder of the browser. B—A 
description of each of the default planes. 
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Figure 3-5. 
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The sketch ee sae does not always share the model coordi- 
nate system, except for the initial sketch positioned on a default plane. 
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Beginning a Sketch 
eal, when hid start a new oc woda a sk 


sig sketching. ens mare you are in the sketch environment Aren y 
active in the browser (Sketch1 by default) and the Sketch ribbon tab. See Pieu 3- e: 
An active sketch appears as the only item in the browser that does not display a gray : 
nd. 
The Sketch on new part creation area in the Part tab of the Application Options 
dialog box controls if and on what plane a sketch opens when you start a new part. 
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Use the 2D Sketch tool to begin a 2D sketch manually. You can access the tool first REZ 
and then select a plane, or pick a plane before accessing the tool. The 2D Sketch tool SStten | 
allows you to place a sketch on a plane in the Origin folder or on any other face or plane, 7 
as is often necessary when creating additional features. 


Shortcut 
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Type 
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If the template file includes a sketch, the sketch automatically 
begins a new sketch with the same name each time you reference 
the template, even if you select the No New Sketch radio button. 


Figure 3-6. 
The default Inventor sketch work environment. 
Pick to finish 
the sketch 
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Quick Acces Finishing a Sketch 


a feat ie tool rai inne Model Eee tab. an aon you i have oo the sketch and 
entered the feature work environment when the Ske panel disappear 
from the ribbon, the Return tool is disabled, and en am no eee display a 
Finish Sketch gray background. 


Shortcut 
Editing a Sketch 


[S] To edit a sketch, double-click on the sketch in the browser or right-click on the 
sketch in the browser or the graphics window and pick Edit sketch. Delete an unneeded 
sketch by picking the sketch in the browser and pressing [Delete] or right-clicking on the 
sketch in the browser and selecting Delete. If a sketch is on the incorrect plane, delete 
and recreate the sketch on a Da we or aii ik sketch ae To redefine the 

ick : ar Redefine. Then pick a 
different sketch plane, mr asa mo from the Origin ioien A constraints associated 
with the original sketch plane, such as a constraint to the center point, are removed when 
you change the sketch plane. 


Type 


Basic Sketch Viewing 


You can prepare a 2D sketch in a 3D view orientation, but it is typically most effec- 
tive to sketch while the sketch plane is perpendicular to your line of sight. When first 
learning Inventor, you may be in a view position that does not allow you to see the 
sketch plane. You can notice immediately if the view orientation is not appropriate if 
you do not see the default sketch grid lines, shown in Figure 3-6. 

Use the View Face tool to rotate the display of the sketch plane perpendicular to 
your line of sight. Once you access the View Face tool, pick the sketch in the browser or 
visible sketch geometry in the graphics window. 


| Siet u to rotate the display noe ei to a new vanes! 
tions dialog be — 
convenient option, although you may feel more comfortable using 
re view tools to adjust the display manually. 
the displayed size 


of objects in the A 
graphics window to To zoom out, roll the mouse wheel forward. To zoom in, roll the mouse wheel 


i view a larger area in’ hack. To pan, press and hold the mouse wheel and then move the mouse, or press the 
zoom in: Increase TOW keys. You will discover many other view tools throughout this textbook. Some 
the displayedsize of these tools are specific to viewing 3D models, while others apply to models and 
Slaphics window to Sketches. For now, the View Face tool and basic zoom and pan functions will allow you 


view a smallerarea to view sketches effectively. 
in greater detail. 


| pan: Reposition the 
display of objects 
in the graphics 


Toggle the display of sketch plane axes and grid lines using check 
boxes in the Display area in the Sketch tab of the Application Options 
dialog box. To snap to grid lines, select the Snap to grid check box 
in the Sketch tab. The Sketch tab of the Document Settings dialog 
box controls snap and grid spacing and display characteristics. Axis 
and grid lines are off and the graphics window background is white 
in this textbook for clarity. 
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Referencing Origin Features 


Inventor provides options for using existing geometry for sketch development. 
Many reference options involve projecting existing features onto the sketch plane, as 
described later in this textbook. For now, reference the work features available in the 
Origin folder of the browser. You must project an item onto the sketch plane in order to 
reference the item in the sketch. Project the center point, or origin, the YZ, XZ, or XY 


pra or wi X, Y, or Z axis before PEE aii uM egomet Then use the projected 
to begir tc O a is ensures that the 


ee rannym a ily ame in a 3D space anai EOR appropriate geometry to 
define the sketch. 


In most cases, project the Center Point in the Origin folder to reference 
for sketch development. 


ane. g you access the Project Seen 


Geometry al, nate the Sarat or P work reatiire to reference. To exit, press [Esc], | 
right-click and pick Done, or access another tool. 


You can automatically project the center point on a new sketch plane 


. Selecting this 
option eliminates the need to project the center point manually to 
reference the origin to constrain a sketch. Be aware, however, that 
the center point projects onto each new sketch plane, — is often 
not necessary. 


Exercise 3-1 


Access the Student Web site (www.g-wlearning.com/CAD) and . 
complete Exercise 3-1. 


Ribbon 


- Access the Line tool to sketch a line. Pick the first point, followed by the next point. 
See Figure 3-7. Pick additional points to sketch connected lines. To sketch disconnected 
lines or restart the tool if you pick an incorrect point, press [Enter] or right-click and 
select Restart. To exit, press [Esc], right-click and pick Done, or access another tool. 


curve: A straight 
or bent continuous 
- object, such asa 
line, arc, spline, or 
- circle. 
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Figure 3-7. 
To sketch a line, access the Line tool and pick a start point and an endpoint. 


Pick to create 
a line 


Mode NSPE go: Manage tew Environments et Starts 


ff ol vate a 
9 A 7. 
Cree ar Rectangle © BMPS OR ae rasa a Wl AE 
a r -- Point Å Tet- Geometry” Op 


Second pick 


| ments displayed near the right side of the status bar. The informa- 
tion helps you create an initial sketch using approximate dimensions 
and assists you in understanding geometric placement. However, 


dimensional constraints later to define object size and location. 


Selecting Objects 


Many sketch tools and operations require you to select objects. For example, to 
delete a line, select the line to delete and then press [Delete] or right-click and pick 
Delete. Select an individual object by left- or right-clicking on the item, depending 
on the operation. If multiple objects are close together or stacked, you may be able 
to use the Select Other tool to cycle through and select the appropriate object. Hover 
the cursor over objects until you see the Select Other tool. See Figure 3-8. If the tool 
does not appear automatically, you may be able to access the tool by right-clicking and 
picking Select Other... You can also apply these selection techniques to models to pick 
points, edges, and faces. 
You will often need to select multiple objects at the same time. For example, to 
delete an octagon created using the Polygon tool, you must select all eight lines. Hold 
| window selection: down [Ctrl] to select multiple objects precisely. Window selection or crossing selection 
TACA is a quicker, but often less precise, selection method. To apply window selection, hold 


Only items entirely down the left mouse button above or below and to the left of the objects to select. Then 
within the window 


are selected. drag the corner of the box to the right and up or down to enclose the objects to select 
crossing completely, and release the mouse button. See Figure 3-9A. 

a To apply crossing selection, hold down the left mouse button above or below and 
crossing box. to the right of the objects to select. Then drag the corner of the box to the left and up or 


Se es Malte down, across the objects to select. See Figure 3-9B. By default, the crossing selection 


" objects touching the box displays a dashed outline with a light green background to distinguish it from the 
box are selected. i ‘ i A à n 5 
window selection box, which displays a solid outline and light pink background. 


i nn nnn eee UI tI EIS SISSON Pe 
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Figure 3-8. 

Use the Select Other 
tool to help identify 
and select close or 
stacked objects. 


Highlighted 
selection Pick to cycle through 
and highlight possible 


/ selections 


Pick to select the 
highlighted object 


Figure 3-9. Window Second corner 
A—Use window selection box 


selection to pick all 
objects completely 
inside a window 
selection box. 
B—Use crossing 
selection to pick 

all objects inside 

or touching the 
crossing selection A 
box. 


of window Selected objects 
are highlighted 


First 
corner of 
window 


Selected objects 
Second are highlighted 
point of 
crossing 


Box First point 


The Selection area in the General tab of the Application Options dialog 
box controls selection options. The Locate tolerance text box controls 
how far away from an object you can pick and still select the object. 
The distance is a number of pixels from 1 to 10. Use the “Select Other” 
delay (sec) text box to specify the number of seconds you can hover 
over model geometry before the Select Other tool appears. 


To select all items in the graphics window while using certain tools 
that require selections, right-click and pick Select All. 
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Ribbon 


Sketch 
> Format 


> 


Construction 


| construction 
geometry: 
Geometry used 
for construction 
purposes only. 
Inventor cannot 
use construction 
geometry to build 


sketched features. 


Choosing Linetype 


Sketch linetype determines the function and style of sketch geometry. The default 
format creates sketch geometry. Use sketch geometry to create objects recognized as a 
feature profile or path. See Figure 3-10A. It may help to consider the sketch geometry 
format as the visible object lines on a sketch. Sketched objects that use the sketch geom- 
etry style appear thick and solid. To apply a different linetype to sketch objects, select 


| the appropriate button from the Format panel of the Sketch ribbon tab before sketching, 


or select existing objects followed by picking a button to convert the linetype. 

Use construction geometry for geometric construction purposes. Inventor does not 
recognize construction geometry when you select sketch objects to create features. See 
Figure 3-10B. Therefore, you should use construction geometry for all construction purposes. 
Objects sketched using the construction geometry format appear thin and dashed. 


Figure 3-10. 
A—Objects sketched 
using the sketch 
geometry format from 
the feature profile. 
B—Construction line 
format used to create 68 
reference geometry. 
C—This feature 
recognizes the 
centerline format as 
the axis of revolution. 


Sketch profile created using the Sketched feature created by 
sketch geometry line style selecting the sketch profile 


Construction circle is 
not recognized when you 
select the sketch profile 


Sketch profile created 
Circle sketched using using sketch geometry 
construction line style for line style 
construction purposes only 


Sketch profile 


Revolution profile and 
Axis line sketched axis automatically recognized 
using centerline style and selected 
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Sketch centerlines using the centerline style. Objects sketched using the center- 
line style appear thick and use a centerline linetype. Inventor recognizes a sketched 
centerline as an axis for creating features that require an axis, such as a revolution. See 
Figure 3-10C. However, you should limit the use of centerlines to sketch requirements 
that truly require a centerline or line of symmetry. You can apply a construction and 
centerline format to sketch geometry to form construction centerlines. Use this tech- 
nique to create a centerline for construction purposes that is not selectable for feature 
creation. 


£ A i p 
k, i aes a 
E Stes ae S Ae a ee E M A Oe E ana eRe 


You can only apply a centerline format to linear objects, such as lines. 
While sketching a line or spline, activate or deactivate a centerline 
and/or construction style by right-clicking and picking the appro- 
priate menu option. The Construction shortcut menu option is also 
available for sketching splines. 


Exercise 3-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 3-2. 


Inferring Geometric Constraints 


Geometricconstraints apply common geometric constructions suchas two perpen- 


_ centerline: A line 
_ that defines an axis 
_ of symmetry or the 


center of a circular 


-~ feature. 


Ribbon 


_ geometric 


constraints: 


~ Geometric 
_ restrictions applied 


to define sketch 


- geometry in 
_ reference to other 


sketch geometry. 


_ infer: Automatically 


dicular lines, equal-sized objects, or a line tangent to a circle. Geometric constraints [ st Nai 
are required to define a sketch. You can infer geometric constraints while sketching or 


add geometric constraints after sketch geometry is in place. Inferring constraints is a — 


Sketch 


very effective way to add geometric sketch relationships. Often, however, a combina- 


sO 


Constraint Persistence button, geometri 


ult. If you deselect the Constraint Inference or 


Access the Constraint Options dialog box, shown in Figure 3-11, and select the | 
check boxes to specify which constraints you want to infer. You should typically infer | 


constraints for all new and existing objects. However, to limit inferencing to specific 
objects, deselect the All Geometry check box and select the object(s) to isolate. For 
example, if you sketch two circles, deselect the All Geometry check box, and select one 


of the circles to include, you will be able to infer a tangent constraint only between a | 


new line and the selected circle. 

The Constraint Placement Priority area in the Sketch tab of the Application Options 
dialog box further controls constraint inferencing. Select the Parallel and Perpendicular 
radio button to infer parallel and perpendicular constraints before or instead of hori- 
zontal and vertical constraints. Pick the Horizontal and Vertical radio button to infer 
horizontal and vertical constraints before or instead of parallel and perpendicular 
constraints. 
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| Persistence 


>Constrain € 
gerbe n 


_ Constraint 


Inference 


Constraint 


parallel: A 


= geometric 


construction that 


_ specifies that 
- objects such as 


lines and ellipse 
axes will never 


intersect, no matter 


how long they 


* become. 


_ perpendicular: 


A geometric 


= construction that 
= defines a 90° angle 
' between objects 


such as lines and 
ellipse axes. 
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Figure 3-11. 


Use the Constraint Selects all Constianit- Options rere | X Dies alot 
Options dialog possible Sie {the check boxes 
box to specify the aferen 
constraints to infer "p 
and apply to objects. |> Lltorizontal f [Midpoint fo 
PP'Y J Select the shee of | | 4] vertical =~ Mloncurve 
constraints to infer 
automatically $ 4 a ò K a Pick to select 
S| ~ [Perpendicular i Wiconcdent} | specific geometry 
AK M]intersection eee for constraint 
aa E inference 


- Scope of Constraint Inference <= 
© Yall Geometry 


The following information assumes that the Line tool is active. 
However, you can infer constraints when using many different 
sketch tools; the process is very similar. 


Coincident 


| coincident: A coincident constraint is one of the most common geometric constructions and 
A is often required to create a properly closed profile. For example, t 

lines that form a angle corner coincide. To infer a coincident constraint, move the 

crosshairs and yellow dot near existing geometry, such as the projected center point. 

When the cursor snaps to a position and the coincident symbol appears, pick the point 

to form a coincident constraint. When you reference a specific point, the yellow dot 


turns green and gets larger. See Figure 3-12. 


. 


cdo 


) a specific point, such 
as the ț od ce oint or a point on an existing object. Each variation creates a 
coincident constraint. For example, a coincident constraint formed at the midpoint of 
an existing line links two lines together, while a midpoint reference defines the exact 
location at which the lines meet. 


You can isolate the midpoint, center point, or intersection of sketch 
objects while sketching by right-clicking and picking Midpoint, Center, 
or Intersection. This allows you to add a coincident constraint by 
picking a specific existing point on an object when it is difficult to infer 
the exact location because of conflicting geometry. For example, pick 
the start point of a line, right-click and select Midpoint, and then pick an 
existing line to end the new line at the midpoint of the existing line. 


Horizontal and Vertical 


A horizontal constraint aligns geometry with the X axis on the XY plane, the Y 
axis on the YZ plane, or the X axis on the XZ plane. A vertical constraint aligns geom- 
etry with the Y axis on the XY plane, the Z axis on the YZ plane, or the Z axis on the XZ 
plane. To infer a horizontal or vertical constraint, move the crosshairs and yellow dot 
to a position near horizontal or vertical. When the cursor snaps to a position and the 
appropriate symbol appears, pick the point to form a horizontal or vertical constraint. 
See Figure 3-13. 


NN — E IN 
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Figure 3-12. 


: : Projected center Larger green 
Examples of inferring point cursor dot 
common coincident = 
constraints relative to a | 
a specific point. p aT 
Yellow i 
cursor dot X coincident to 
point symbol 


Coincident to Point (Projected 
Center Point) 


Cursor dot remains yellow —_, a 
: A Coincident to curve symbol 


Coincident to Curve 


Coincident to point symbol 


Coincident to Point (Endpoint) 


K 


7 Coincident to midpoint symbol 
we re yee point sy 


Coincident to Midpoint 


Tom to intersection symbol 
l 


Coincident to Intersection 


Coincident to point symbol 


Coincident to Point (Circle Center Point) 


Figure 3-13. Pick to sketch a 


Inferring horizontal vertical line 
and vertical I x 
-5 


constraints. dA 
Pick to sketch a 


horizontal line 


Parallel and Perpendicular 


To infer a parallel or perpendicular constraint, move the crosshairs and yellow 
dot near an existing line, projected default work plane, or work axis. When the cursor 
snaps to a position and the correct symbol appears, pick the point to form a parallel 
or perpendicular constraint. See Figure 3-14A. You can also infer a perpendicular 
constraint by holding down the left mouse button on a line to establish a coincident 
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Figure 3-14. 
A—Inferring parallel and perpendicular constraints. B—An alternative method of inferring a 
perpendicular constraint from an existing object. 


Symbol identifies the object Symbol identifies the object 
perpendicular to the new line parallel to the new line 
7i ree 
Al: D 
Pick to sketch a Pick to sketch a 
perpendicular line parallel line 
A 


Pick and hold to establish 
a coincident constraint 


Release at the 
appropriate location 


constraint, and while still holding the button down, moving the cursor away from the 
line. See Figure 3-14B. 


Tangent 


tangentiiliiametic To infer a tangent constraint, move the cursor over or near an existing circular 
we curve. When you are close to tangent, the cursor snaps to the point of tangency and 
the tangent symbol appears. Pick the point and continue sketching the line. See 
Figure 3-15. 


Some sketching tools automatically apply certain constraints to a 
sketch. For example, the Rectangle tool creates a rectangle with 
parallel, perpendicular, coincident, and horizontal constraints to 
make a true rectangle. 


PROFESSIONAL TIP __ 


Often, multiple constraints are inferred at the same time, such as 
the tangent and horizontal constraints and the tangent and coinci- 
dent constraints shown in Figure 3-15. Use caution when inferring 
constraints to specify appropriate geometric constructions. 


een 
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Figure 3-15. 


i Pick to end a sketched 
Inferring a tangent 


line tangent to the curve 


constraint from 
and to an existing . gi 
circle. Notice the s2 | K 
compound tangent/ P = 
horizontal and = 
tangent/coincident / 
constraints inferring 
at the same time. Peewee 
line from and tangent Tangent To 


to the curve 


Tangent From 


Point Alignment 


Point alignment provides a way to reference a point horizontally or vertically in 
space with an existing sketch point, such as the endpoint or midpoint of a line or 
the center of a circle. Point alignment aids in referencing points to sketch accurate 
geometry, but it does not actually produce constraints. The Point Alignment check box 
in the Sketch tab of the Application Options dialog box is selected by default, allowing 
for point alignment. 

When point alignment is on and you move the cursor horizontal or vertical to a 
point on an existing object, the cursor snaps to the appropriate position and a dotted 
trail appears between the cursor and the existing point. Pick the location to establish 
the start point or endpoint of the line. You can also reference two points, as shown in 
Figure 3-16. 

If you deselect the Point Alignment check box, you can still use point alignment 
for reference, but you must first move the cursor over or near the existing object points 
to reference. Then move the cursor away from the object to display alignment paths. 
When you are far enough away from the existing geometry, and with the dotted lines 
still visible, pick the point. 


To deactivate most constraint inferencing temporarily, hold down 
[Ctrl] while sketching. Endpoint coincident constraints still are 


inferred. 


Exercise 3-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 3-3. 


Figure 3-16. 

Use the point 
alignment lines to 
align new geometry 
to points on existing 
geometry. 


Pick point 


Horizontal and vertical 


alignment paths 
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controlipoints along by additional me ntel Use aent inferencing to form appropriate constraints 
p thamunve. while using the Spline tool. If you select an incorrect point, right-click and pick Back or 
Ribbon press [Backspace]. To restart the tool if the first point is incorrect, right-click and select 
Restart. To end the spline, double-click the last point, press [Enter], or right-click and 
pick Create. See Figure 3-17A. To create a tangent closed-loop spline, move the cursor 
toward the spline start point. When the cursor snaps to the start point and the closed 
loop forms, pick the point to create the spline. See Figure 3-17B. Continue sketching 
splines, or press [Esc], right-click and pick Done, or access another tool to exit. Spline 
control functions appear, allowing you to adjust the spline as needed. 


| Tu ect. Pick the first control point, followed 


S plemental Spline Options 

© For information about controlling the shape of a spline, go to the 
Student Web site (www.g-wlearning.com/CAD), select this chapter, 
and select Spline Options. 


Exercise 3-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 3-4. 


e S 3-17. Additional points 
single object with 


smooth, rounded 
corners. B—End a 
spline at the start 
point to create a 
tangent, closed-loop 
spline. A 


Last point 


First point 


Move the cursor to the 
start point and pick to create 
a tangent closed-loop spline 
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circle: A closed 
curve witha 
constant radius 
around a center 
The Circle tool provides methods for sketching circles. Choose the appropriate an, szei usually 
option according to the information you know about constructing the circle. The f according to the 


Ellipse tool allows you to sketch an ellipse. gameter 


shape that contains 
both a major axis 


Center Point Circle ajor ax 
and a minor axis. 


Access the Center Point Circle tool to sketch a circle based on the center point and pe 
radius. Pick the center of the circle, followed by the edge. See Figure 3-18. Continue 
sketching center point circles, or press [Esc], right-click and pick Done, or access 
another tool to exit. 


| ellipse: An oval-like 


Tangent Circle 
To sketch a tangent circle, three curves that will be tangent to the circle must be 


angikal for selection. Access the aao and i 


a ciek; or aptess [Esc], mIBHECHRN and pick Done, or access another tool to exit. 


Ellipse 


Access the Ellipse tool to sketch an ellipse. Pick the center point, followed by 


the first axis endpoint and then the second axis endpoint. The furthest point from 
the center defines the major axis, while the closer point defines the minor axis. See 


Figure 3-20. Continue sketching ellipses, or press [Esc], right-click and pick Done, or 
access another tool to exit. AME Lene claced aie Cale 


Cater M cx 4 or beet vara 


“Ellipse 


major axis: The 
longer of the two 
5 axes in an ellipse. 
Figure 3-18. 
When you create 
a circle using the 
Center Point Circle 
tool, the first pick 
locates the center 
and the second pick 


defines the radius. 


Second point | minor axis: The 


First point (radius) shorter of the two 
(center) - axes in an ellipse. 


Figure 3-19. 

Use the Tangent 
Circle tool to sketch 
a circle tangent 

to three existing 
curves. 


Select three objects 


Tangent points 
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Figure 3-20. 

Sketch an ellipse by 
picking the center 
point, major axis, 
and minor axis. 


Third point 
(minor axis) 


Second point 
(major axis) 


First point 
(center) 


Use constraint inferencing to form appropriate constraints while 
using circle and ellipse tools. Accurately select the center point, point 
of tangency, and outside radius or endpoint of radii and axes. 


Exercise 3-5 —— 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 3-5. 


_ are: A circular curve 
in which all of the 


points are an equal The Arc tool provides methods for sketching arcs. Choose the appropriate option 
distance from the , : : : n 
center point. according to the information you know about constructing the arc. The Line tool also 


includes the ability to sketch an arc from a previously drawn line or arc. 


| Three-Point Arc 


Access the Three Point Arc tool to sketch a three-point arc. Pick the start point, 
s © | followed by the endpoint and then the edge. See Figure 3-21. The distance between 
| chord length: the the first and second points is the chord length. Continue sketching three-point arcs, or 


linear distance 5 lj A 5 
Eiiweentwopeints PreSS [Esc], right-click and pick Done, or access another tool to exit. 


on a circle or arc. 


Figure 3-21. 

When you use the 
Three Point Arc tool, 
the first and second 
points define the 
ends and the third 
point defines the 
size and direction of 
the arc. 


Third point 
(radius) 


Second point 


The center point appears 
First point after the arc is drawn 


ee ETT C—O 
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Center Point Arc Ribbon 


Access the Center Point Arc tool to sketch a center point arc by constructing the 
included angle. Pick the center point, followed by the start point and then the endpoint. 
See Figure 3-22. Continue sketching center point arcs, or press [Esc], right-click and 
pick Done, or access another tool to exit. 


included angle: 
The angle formed 


Tangent Are | between the center, 


start point, and 
To sketch a tangent arc, a curve that will be tangent to the arc must be available for * endpoint of an arc. 
selection. Access the Tangent Arc tool and pick an existing curve. An arc begins tangent 
to the selection. Pick to end the arc. See Figure 3-23. Continue sketching tangent arcs, 


or press [Esc], right-click and pick Done, or access another tool to exit. 


Ribbon 


Are 


—— 
Tangent 


Exercise 3-6 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 3-6. 


Figure 3-22. 
Sketching an arc using the Center Point Arc tool. 
First Second point Third point 
point (radius) (endpoint) 
(center) 
P 
S 
\ 
/ À A 
í \ — 
| n | — . 
\ | 
\ / 
39 pa The completed arc 
xN Wa 
p= ~ Se a 
Figure 3-23. Existing curve Pick the line 
Use the Tangent (line) near the end 


Arc tool to begin an 
arc tangent to an 
existing curve. 


Pick to place 
the end of the arc 


Chapter 3 Introduction to Sketching 87 


88 


Sketching Arcs Using the Line Tool 


The Line tool offers the ability to sketch an arc tangent to the previous line. This 
provides a quick way to sketch a slot profile or similar shape. Access the Line tool and 
sketch one or more lines as needed, but do not cancel or reset the Line tool. Move the 
cursor over the last specified point until the dot turns gray. Then hold down the left 
mouse button and move the arc endpoint to the desired location. See Figure 3-24. If 
the arc occurs in the wrong direction, without releasing the mouse button, move back 
to the endpoint and redefine the arc. When you are satisfied with the arc endpoint, 
release the mouse button. 

Repeat the steps to sketch another arc, or continue to sketch a straight line from 
the arc. To sketch disconnected lines or restart the tool if you pick an incorrect point, 
right-click and select Restart. To exit, press [Esc], right-click and pick Done, or access 
another tool. 


| Use constraint inferencing to form appropriate constraints while 
using arc construction tools. Accurately select the center point, 
point of tangency, and outside radius or radii endpoints. 


Exercise 3-7 


Access the Student Web site (www.g-wlearning.com/CAD) and : 
complete Exercise 3-7. 


3 


Figure 3-24. 
Using the Line tool to form a tangent arc. This technique is effective for constructing slot 
profiles and similar sketch geometry. 


of line 


| 
First point 
| 


After the end of the 
line is placed, move the 
cursor over it until 
a gray dot appears 


Click and drag 

from the gray 

dot to the arc 
endpoint 
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You can create a rectangle using the Line tool. However, rectangle tools are quicker 
to use than drawing individual line segments, and they automatically assign the appro- 
priate coincident, parallel, perpendicular constraints. The rectangle tools produce four 
sides that you can delete individually. 


T a — 

Access the Two Point Rectangle tool to sketch a rectangle with horizontal and REZS 
vertical sides. Pick the first corner, followed by the opposite, diagonal corner. See 
Figure 3-25A. A horizontal constraint applies to the top or bottom side, depending 
on the location of the second point from the first. Continue sketching two-point rect- 
. angles, or press [Esc], right-click and pick Done, or access another tool to exit. 


Three-Point Rectangle 

Access the Three Point Rectangle tool to sketch a rectangle at any angle. Pick the 
first corner, followed by the second corner and then the third corner. See Figure 3-25B. 
Continue sketching three-point rectangles, or press [Esc], right-click and pick Done, or 
access another tool to exit. 
Three Point 
Rectangle 


Two Point 
Rectangle 


Exercise 3-8 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 3-8. 


Figure 3-25. 
A—Use the Two 
Point Rectangle 
tool to sketch 
a horizontally 
constrained 
rectangle. B—Use 
the Three Point 
Rectangle tool to 
sketch a rectangle at point Third 
an angle. point 
First point 


Second point First point 


Two-Point Rectangle Three-Point Rectangle 
A B 
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Ribbon 


Access the Polygon tool to sketch a regular polygon using the Polygon dialog box. 
See Figure 3-26. Specify whether to create an inscribed or circumscribed polygon by 
selecting the Inscribed or Circumscribed button. A circumscribed polygon is most 
common. Next, define the polygon type by entering the number of sides in the Number 
of Sides text box. Pick the center point, followed by a point to position and size the 
; polygon. Continue sketching polygons, or pick the Done button, press [Esc], right-click 
inlength and pick Done, or access another tool to exit. 


C 


The Polygon tool creates a circular pattern of edges, with pattern 
constraints and coincident constraints that link corners. The result 
is a polygon that acts as a single object. Chapter 4 explains sketch 
patterns. 


Use constraint inferencing to form appropriate constraints while 
using rectangle and polygon tools. Accurately select the center 
point and the corner or flat location. 


Exercise 3-9 


Access the Student Web site (www.g-wiearning.com/CAD) and 
complete Exercise 3-9. 


Figure 3-26. 

The number in the 
text box determines 
the number of sides 
in the polygon. The 
circles illustrate 

the difference 
between inscribed 
and circumscribed 


polygons. 


Second point 
(corner) 


First point Second point 
(center) (flat) 


Inscribed Circumscribed 
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You can use sketch fillets, rounds, and chamfers, as described in this section, to 
create sketch geometry that controls feature size and shape. However, for many appli- 
cations, you will find that placed fillet, round, and chamfer features are more appro- 
priate. Placed features often provide more options, replicate manufacturing processes, 
and can be easier to create and edit. 


Fillets and Rounds Š 


Access the Fillet tool to sketch fillets and rounds using the 2D Fillet dialog box. 
See Figure 3-27. Enter the fillet and round radius in the text box or pick a value from 
the list. Select the Equal button to create multiple fillets with equal radii, as shown 
. in Figure 3-27A. Deselect the Equal button to specify dimensions for each fillet and 


round separately, as shown in Figure 3-27B. 


If intersecting lines form a sharp corner, pick the corner to add the fillet or round, 
as shown in Figure 3-27. If the intersection is not a sharp corner, or if you have difficulty 
selecting the corner, pick individual lines as shown in Figure 3-28. Continue adding 
fillets and rounds, or close the dialog box, press [Esc], right-click and pick Done, or 


access another tool to exit. 


Figure 3-27. 
When using the Fillet 


of two lines to add 
a fillet or round. 
A—AIll fillets are 
controlled by one 
dimension if Equal 
is on. B—Each 
fillet is controlled 
individually if Equal Equal button is on 
is off. 


Equal button is off 
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Changing this dimension 
changes the size of all 


tool, pick two lines = Atl fillets and rounds 
or the intersection 


Place the 
cursor ona 
corner to see 

a preview 


125 


Each fillet 
and round is 
controlled by 
its own 
dimension 


125 


OA 


chamfers: Angled 
planar faces added 
- to corners. 
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Figure 3-28. 

If you select two 

lines when using the 

Fillet tool, Inventor 

can trim lines that 

extend past their 

intersection or 

extend lines that do on the side you 
not meet to form the want to keep 
round or fillet. .031 


031 


Pick the lines 


Pick the 
individual lines to 
form the round 


Chamfers 


Access the Chamfer tool to sketch chamfers using the 2D Chamfer dialog box. See 
Figure 3-29. Pick the Create Dimensions button to add dimensional constraints to the 
chamfer. Select the Equal button to create multiple, equally sized chamfers, such as 


| when chamfering rectangle corners. Pick a chamfer type button and then enter values 


in the appropriate text boxes. Figure 3-29 illustrates the process of assigning each 
chamfer type and using the Create Dimensions button. 

Once you specify all of the options in the 2D Chamfer dialog box, pick a sharp 
corner to add a chamfer. If the intersection is not a sharp corner, or if you have 


Figure 3-29. 
The options in the 2D Chamfer dialog box control the dimensioning of chamfers. 


Equal Distance 


button Settings change according 


to chamfer type 


Create Dimensions 3D-Ghamfei 
button 

Unequal Distance 

button 


Equal button 


Distance and Angle 


button 
Fx: dimension Change one distance Angle from Distance between the 
is always equal without affecting the second intersection and first 
to the other the other selected line wh selected line 
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dimension 
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rs 4g 


Equal Distance Unequal Distance Distance Create Dimension 
and Angle deselected 
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difficulty selecting the corner, pick individual lines. For unequal-distance chamfers, 
the first selected line corresponds to the Distance2 value and the second selected line 
corresponds to the Distance! value. For distance and angle chamfers, the first selected line 
corresponds to the Angle value and the second selected line corresponds to the Distance 
value. Pick the OK button to create the chamfers. 


You can also create a fillet, round, or chamfer by selecting two lines 
and then accessing the Fillet or Chamfer tool. 


Exercise 3-10 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 3-10. 


The Point, Center Point tool allows you to add sketched center points or sketch yee alla 
points, depending on the sketch requirement. The default is to create a center point. dood ott the 


i e location of center 
You often add center points to a sketch on a feature face to direct the placement of a new ff ints for features 


feature. To change from a center point style to a sketch point style, deselect the Center Point ff that reference 
button in the Format panel of the Sketch ribbon tab. Select or deselect the button as o A Dat 


needed before sketching points, or select existing points and then pick the button to © metal punches. 


convert the points to the alternate format. To use the Point, Center Point tool, pick to f mia a 
locate the point. See Figure 3-30. Continue sketching center and sketch points, or press ff construction 


> Pi 5 : purposes to help 
[Esc], right-click and pick Done, or access another tool to exit. develop ekaich 


geometry. 


Ribbon 


PROFESSIONAL TIP _ 


Use constraint inferencing to form appropriate constraints while 
placing center and sketch points. 


Figure 3-30. ; 

Place center points Alignment path 

to locate features Center Second 
and sketch points to point me 
help construct sketch P 
geometry. 


Sketch points 
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Exercise 3-11 B 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 3-11. 


In models, sketch text can be used to create features such as embossments and 
extrusions. In drawings, sketch text is used in title blocks, revision blocks, general 
notes, and other annotations. Some text settings and format options are available only 
when you are working in the drawing environment. The following information focuses 
on adding sketch text to a model. 


Using the Text Tool 


a Select a point, or create a text box 
by holding down the left mouse button, dragging the cursor, and releasing the mouse 


button. The point you select, or the box you create, defines the text location and extents. 
The Format Text dialog box appears, as shown in Figure 3-31. Format text and insert 
content using the functions in the upper portion of the dialog box. Type text and apply 
associated operations such as copying and pasting in the large text box. When you are 


Figure 3-31. 
The Format Text dialog box appears when you pick a location for new text or edit existing text. 


Vertical justification buttons Text Box button Pick to create single line only text 


Format lexi 


s Style; 
Horizontal [eee Color button 
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justification S l 
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finished, pick the OK button to exit the dialog box. Continue placing text, or press [Esc], 
right-click and pick Done, or access another tool to exit. 


Multiline and Single-Line Text 


By default, text is multiline text, with the number of lines of text based on the size 
of the text box and spaces between words. Pick the Single Line Text button to create 
a single line of text regardless of the size of the text box. Options specific to working 
with single-line text become available. 

The Line Spacing drop-down list, available for sketching multiline text, allows 
you to specify the distance between multiple lines of text. Select the Multiple option to 
enable the Value text box and enter a smaller or greater spacing ratio, such as triple (3) 
or half (.5). Select the Exactly option to enable the Value text box and enter a specific 
distance between multiple lines of text. 


Justification and Orientation 


Use the Justification buttons to justify standard multiline and single-line text. 
The Baseline Justification option is available when you create single-line text. Baseline- 
justified text has no vertical justification. Figure 3-32 shows standard and baseline | £ 
justification options. an imaginary le 

The Text Box button, selected by default, adds a construction box around text. Use —_ 
the text box as you would other construction geometry, including adding constraints 
to define the text size and location. Once you create the text, you can toggle the text box 
function by right-clicking on the text and selecting or deselecting Text Box. If you do 
not use a text box, a sketch point appears according to the selected justification. Locate 
the point using constraints. 


Display Characteristics 


The % Stretch text box allows you to define the amount of stretch, or width, of text 
characters. Normal text has a value of 100. To create narrower text, enter a value less 
than 100. Enter a value greater than 100 for wider text. Pick the Fit Text button, avail- 
able when sketching single-line text, to fit text into a specific space. The text width, or 
percent stretch, varies depending on the size of the selected space. . 
Use the Font drop-down list to define the text font. The Size drop-down list allows f font: ai 
you to specify the text height. The format buttons define text display options. Pick ~ 
the Bold button to create bold text, the Italic button to create italicized text, and the 
Underlined button to underline text. 


Figure 3-32. 
Apply standard justification to multiline or single-line text, or apply baseline justification to 
single-line text, depending on the required text location and position. 


Top left Top D Top left 
Middle left S katehii | ng T EX Fa *<— Middle left 
Bottom ge Bottom center er left 


Standard Text Justification Options 


sketch NG ae 


Left baseline Center baseline 


Baseline Text Justification Options 
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tolerance stack: 
Text stacked without 
a fraction bar. 


| model parameters: 


Parameters that 
relate to the model; 
added when you 
insert a model 
view or add model 
information, such 
as dimensional 


t constraints. 


user parameters: 


yut llc and unsti xt “To create a verti- 

cally stacked fra ceaf etv he to tom items, select 

the text to stack, and then n pick t the Stack k button, or y tigheclick and pick Stack Typing a 

yer sign (#) Si sults in a diag raction bar. To apply 

Si ype a caret (^) betwee: items Figure 3-33 

Sowo Back renee To oneal Mima mm pic stack on again, or right- 

click and choose Unstack. To adjust stack settings using the Stack Properties dialog 
box, right-click on stacked text and pick Properties. 

Pick the Color button to use the Color dialog box to define the text color. The Rotation 
flyout becomes enabled when you deselect the Text Box button, providing options for 
rotating the text. A 0° rotation generates text horizontally from left to right, a 270° 
rotation generates text vertically from top to bottom, a 180° rotation generates text 
horizontally from right to left, and a 90° rotation generates text vertically from bottom 
to top. You can specify text box rotation using constraints. 


Parameters and Symbols 


The function of the Component drop-down list in the model environment is to 
identify the component from which values in the Source and Parameter drop-down 
lists are referenced. The Source drop-down list specifies the type, or source, of param- 
eters to use. You can select model parameters or user parameters. The User Parameters 
source option has no function if you do not create user parameters. 

The Parameter drop-down list contains all the parameters available in the selected 
source. The parameters correspond to the parameters used to define model geometry. 


pa defined Use the Precision drop-down list to specify the precision of the displayed value. Once 
by the user. 
you select a parameter and define parameter options, pick the Add Parameter button to 
add the parameter to the text box. 

To add a symbol to the text box, select a symbol from the Symbols flyout. If needed, 
pick the Character Map button to copy and paste a symbol from the Character Map 
dialog box. 

Pick the Zoom In or Zoom Out buttons to zoom in or out on the text 
in the text box. Zooming in the text box changes the displayed size of 
text in the text box, not the specified text height. 
Exercise 3-12 
Access the Student Web site (www.g-wlearning. com/CAD) and 
complete Exercise 3-12. 
Figure 3-33. 
Different types of 
character stacking. 
ASME standards 
recommend that the 
height of stacked 
fraction numerals 
be the same as the 
height of other 
numerals. 
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Use the aoc y Text Tool 


another tool to exit. 


Many of i same pelea are labled in the Geometry-Text and Format Text dialog 
is in the Geometry mei ee een control the 
erence tc lected geometry. Figure 3-35 


the se 


Figure 3-34. 
The Geometry-Text dialog box appears after you pick an object to align the text with, such as the 
construction circle shown. 


Fit Text Pick to access the 
button Format Text dialog box 


Geoimetry- Text 


: Pick to update 
the display 
e 
x Color button 
UJ 


Select geometry 
(circle) 
Zoom 
buttons 


Figure 3-35. 
Examples of adjustments you can make to the direction, position, and display when you sketch 
geometry text. 


Direction: Clockwise Direction: Clockwise Direction: Clockwise Direction: Counterclockwise 
Position: Outside Position: Outside Position: Outside Position: Inside 
Justification: Left Justification: Left Justification: Center Justification: Center 
Start Angle: 0° Start Angle: 90° Start Angle: 90° Start Angle: 0° 

Offset: 0 Offset: Greater than 0 Offset: 0 Offset: 0 

(Default settings) Fit Text 
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OME ext tool provides the ability to align text with an existing sketc 
Sufect. Pick the fret to align the text with to display the Geometry-Text dialog box. See 
Figure 3-34. Format text and insert content using the functions in the upper portion of 
the dialog box. Type text and apply associated operations such as copying and pasting 
in the large text box. When you are finished, pick the OK button to exit the dialog box. 
Continue placing geometry text, or press [Esc], right-click and pick Done, or access 
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shows examples of using different geometry text characteristics to align the same text 
with a circle. Study this figure as you apply geometry text options. As you make changes 
to geometry text settings, pick the Update button to see the effects of the changes without 
exiting the dialog box. 

Pick the Clockwise or Counterclockwise button in the Direction area to specify the 
direction the text travels along the selected object. Pick the Outside button to position 
the text on the outside of the selected object, or pick the Inside button to flip the text 
over the object. The selected Justification button determines the location of the justifi- 
cation point based on the start angle specified in the Start Angle text box. 

Use the Offset Distance text box to define how far from the selected object the text 
occurs. Pick the Launch Text Editor button to display the Format Text dialog box, where 
you can further control text characteristics. 


Use the Geometry button to redefine the object to which text 
aligns. 


Exercise 3-13 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 3-13. 
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1 
2 
3. 
4. 
5 
6 
7 
8 
9 


» Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper or 
go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


. What is a profile? 


Describe the purpose of a path. 
What are the two basic steps in sketch development? 
Why are sizes often approximate in initial sketch geometry? 


. What is the difference between a closed loop and an open loop? 

. What is a 2D plane? 

. Define coordinate system. 

. Where is the center point of the model coordinate system? 

. Identify the plane on which a sketch forms by default when you start a new part 


model and explain its rotation. 


. Name the tool used when you finish creating a sketch and are ready to enter the 


feature work environment. 


. Define the terms zooming out and zooming in. 

. Explain how to zoom out and in using the mouse wheel. 

. Explain what panning is and how to use the mouse to pan. 

. Briefly describe how to project the center point in the Origin folder onto the current 


sketch plane. 


. What are geometric constraints? 

. Give at least two common uses of geometric constructions. 

. What is an inferred geometric constraint? 

. Which geometric constraint specifies that objects such as lines and ellipse axes 


never intersect, no matter how long they become? 


. Which geometric constraint defines a 90° angle between objects such as lines and 


ellipse axes? 


. What is a coincident constraint? Give an example. 

. Briefly describe how to create a line with a tangent constraint. 

. What is a spline? 

. Which tool should you use to create a circle that touches three different lines at 


one point only? 


. What three items do you need to specify to create an ellipse using the Ellipse 


tool? 


. What is a regular polygon? 

. Explain the difference between rounds and fillets. 

. Briefly describe how to add an equal-distance chamfer to a sketch. 
. What is the difference between sketch points and center points? 

. Name the tool used to add a basic block of text to a sketch. 


Briefly describe how to align sketch text with a curved surface, such as a circle. 
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Problems 


Instructions: 
e Create sketches of the following objects using the techniques described in this chapter, 
zooming and panning as necessary. 
e Develop sketch geometry from the projected center point. 
e Infer as many geometric constraints as possible and appropriate, but do not place addi- 
tional geometric constraints. 
e Use the information in the status bar to create objects at the approximate size given by 
the dimensions, but do not add dimensional constraints. 
e Add as much information as possible to the iProperties dialog box. Do not assign 
material and color properties at this time. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


1. Title: PIN 
Units: Metric 
Template: Part-mm.ipt 
Part number: IAA-001-04 
Description: C-CLAMP PIN 
Project: C-CLAMP 
Sketch plane: YZ 
Save as: P3-1.ipt 
Specific Instructions: Position the center of the circle at the projected center point 
by inferring a coincident constraint. 


4.75 


Projected 
center point 
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2. Title: SWIVEL 
Units: Metric 
Template: Part-mm.ipt 
Part number: |AA-001-02 
Description: C-CLAMP SWIVEL 
Project: C-CLAMP 
Sketch plane: XZ 
Save as: P3-2.ipt 


Specific instructions: Position the center of the circle at the projected center point 
by inferring a coincident constraint. 


1 


Projected 
center point 


3. Title: SCREW 
Units: Metric 
Template: Part-mm.ipt 
Part number: IAA-001-03 
Description: C-CLAMP SCREW 
Project: C-CLAMP 
Sketch plane: XZ 
Save as: P3-3.ipt 
Specific instructions: Position the center of the circle at the projected center point 
by inferring a coincident constraint. 


1 


Projected 
center point 
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hg intermediate] | 4. Title: SUPPORT BRACKET 
= Units: Inch 
Template: Part-IN.ipt 
Part number: IAA-002-01 
Sketch plane: XY 
Save as: P3-4.ipt 
Specific instructions: Position the center of the .500 circle at the projected center 
point by inferring a coincident constraint. 


Projected 


center point / 


A Intermediate 5. Title: SUPPORT BLOCK 
F Units: Inch 
Template: Part-IN.ipt 
Part number: |AA-003-01 
Sketch plane: XZ 
Save as: P3-5.ipt 
Specific instructions: Position the lower-left corner of the sketch at the projected 
center point by inferring a coincident constraint. 


Projected 
center point 1.00 
3.00 
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6. Title: BODY 
Units: Metric 
Template: Part-mm.ipt 
Part number: |AA-001-01 
Description: C-CLAMP BODY 
Project: C-CLAMP 
Sketch plane: XY 
Save as: P3-6.ipt 
Specific instructions: Position the sketch at the projected center point by infer- 
ring a coincident constraint as shown. 


a 


Projected 
center point 
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hg Advanced | | 7. Title: HEAD 
_ Units: Inch 
Template: Part-IN.ipt 
Part number: |AA-004-01 
Project: PUSH PIN 
Sketch plane: XY 
Save as: P3-7.ipt 
Specific instructions: Position the sketch at the projected center point by infer- 
ring a coincident constraint as shown. Do not begin the sketch directly on the 
projected center point. 


v r 8. Draw a freehand sketch of the 3D indicator. Label the X, Y, and Z axes and specify 
E the color of each. Describe the purpose of the 3D indicator. 


Problems - Chapter 3 


eee 
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CHAPTER 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
Add geometric constraints to existing sketch objects. 
Add dimensional constraints. 

Pattern and offset sketch geometry. 

Explain the function of the Inventor Precise Input toolbar. 
Use sketch editing tools and techniques. 

Work with sketch parameters. 

Troubleshoot sketches using the Sketch Doctor. 


Be Sy: So Na SS 


This chapter describes tools and options for finalizing a sketch. You will add 
dimensional constraints to size and locate sketch objects. You will also use other sketch 
geometry tools and explore methods of editing a sketch. Once you prepare a sketch or 
group of sketches, you are ready to build a sketched feature. 


Use geometric constraints to establish geometric constructions and relationships. 
For example, apply an equal constraint to two circles if it is necessary for the diameter 
of the circles to remain the same throughout the design process. Then dimensionally 
constrain one of the circles. If you modify the dimension, the equal-constrained circle 
automatically adjusts also. 


Adding Geometric Constraints 


Inferring geometric constraints is usually the most effective way to begin 
constraining a sketch. For basic sketch shapes, inferred geometric constraints may be 
the only geometric constraints necessary. Add geometric constraints to existing objects 
when geometric constraints do not infer, or after deleting geometric constraints or 
constrained objects. A combination of inferred and additional geometric constraints 
is often required. 

Access geometric constraints from the Constraints panel of the Sketch ribbon 
tab, or right-click and select from the Create Constraint cascading menu. Figure 4-1 
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Figure 4-1. 
Use geometric constraint tools to form geometric constructions and help constrain a sketch. 


Parallel 4 Creates a parallel construction. Objects such as lines and 
ellipse axes never intersect, no matter how long they become. | 
Tangent ` Defines the tangent edge of one curve, such as a line, spline, 
Q circle, arc, or fillet, in reference to the tangent edge of an 
existing curve. 
| Smooth (G2) Creates a curvature-continuous situation, or G2 curve, 
` between a spline and a line, second spline, or arc connected 


to the spline endpoint. 
i 


Constrains two points to the same location, or constraints a 
point along a curve. A point can be coincident to a curve 
without touching the curve. : 


Constrains the center point of an ellipse, circle, or arc to the 
center point of another ellipse, circle, or arc. Select objects, 
not points, to constrain. 


Aligns two lines or ellipse axes along the same line. 


Sizes and locates an object in reference to another object. 
This tool is also available by typing the [=] key. - 


Horizontally aligns lines, points, or ellipse axes. Positions 
geometry along the X axis on the XY plane, along the Y axis 
on the YZ plane, and along the X axis on the XZ plane. 


' 4) | Vertically aligns lines, points, or ellipse axes. Positions 
Al geometry along the Y axis on the XY plane, along the Z axis 
| on the YZ plane, and along the Z axis on the XZ plane. This 


none tool is also available by typing the [I] key. 


fm | Secures a point or object to its current location in space. 


Allows you to establish symmetry by selecting one object, 
followed by another object, and finally, a line of symmetry. 


describes each geometric constraint tool. Many geometric constraint tools apply the 
same constraints as those you can infer. For constraint tools that require you to pick 
two objects, the first object usually remains the same and the second object changes in 
relation to the initial object. For example, to make two lines perpendicular using the 
Perpendicular tool, select the line that remains in the same position, followed by the 
line to make perpendicular to the first line. This is a general rule that may not always 
apply because of other constraints. 

To constrain more geometry using the same tool, continue selecting objects. To 
use a different constraint tool, access that tool and begin selecting objects. To exit the 
tool without activating another tool, press [Esc] or right-click and pick Done. 
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The Fix constraint tool secures a point to a position in space, but 
it does not locate a point in reference to any other item, such as 
the projected center point. Avoid using a Fix constraint for most 
applications. 


Exercise 4-1 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 4-1. 


Managing Geometric Constraints 


Access the Show Constraints tool and select objects to display constraint glyphs 
associated with the selected objects. See Figure 4-2. Use the Show All Constraints tool 
to show all constraint glyphs assigned to all objects in the sketch. Access the Constraint 
Visibility dialog box to specify which constraint glyphs are displayed. By default, all 
constraint types are shown. Select the check boxes corresponding to the constraint 
glyphs to show, and use the Select All and Clear All buttons to aid selection. Limiting 
constraint visibility to specific constraint types often helps to locate and adjust 
constraints. 

Coincident constraints appear as dots that, when hovered over, show coincident 
constraint glyphs. All other constraints appear as glyphs. When you hover over or 
select a glyph, the corresponding constraint glyph and constrained objects are high- 
lighted. This allows you to recognize the objects and constraints associated with the 
glyph. If constraint glyphs block your view, drag them to a new location. 

To hide a specific glyph, pick the Hide button to the right of the symbols. Use the 
Hide All Constraints tool to hide all constraints shown in the sketch. To delete existing 
constraints in order to apply different constructions, right-click on a glyph and select 
Delete. If you delete an object, all constraints assigned to the object and related objects 
are also deleted. 


Figure 4-2. 
Display geometric constraint glyphs by picking the Show Constraints button and then 
selecting the object. 
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You can also right-click on an object and select Show Constraints 
to display object-specific constraint glyphs. Right-click on a curve 
and select Delete Coincident Constraint to delete all coincident 
constraints associated with the curve. 


Ses a ES sie oad a ee ashes 


| Generally, you should apply appropriate geometric constraints 
| before dimensional constraints. However, placing too many 
geometric constraints can cause problems as you progress through 
the design process. Apply only the geometric constraints necessary 
to generate the particular sketch. 


Exercise 4-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 4-2. 


_ dimensional Dimensional constraints establish size and location parameters. You must 
constraint: A 3 ‘ 5 A ` : : 
nvsasurement that include dimensional constraints to create a truly parametric sketch. Once dimensional 

_ numerically defines constraints are placed, you can view, adjust, and remove them as needed. 
the size and location 
of sketch geometry, 
such as the length 


ofa line, diameter of Using the General Dimension Tool 
a circle, or radius of 3 4 s £ 3 ` 
_ anarc. Access the General Dimension tool to add aligned, linear, diameter, radius, 


Ribbon or angular dimensional constraints. An icon representing a possible dimensional 
constraint appears as you move the cursor over specific objects. Pick geometry that is 
appropriate for the type of dimensional constraint, as explained later in this chapter. 
Then select a location for the value and specify the value. Repeat the steps to assign 
other dimensional constraints, or press [Esc], right-click and pick Done, or access 
another tool to exit. 

By default, a dimensional constraint assumes the size or location value of the 
existing object. Pick the dimensional constraint to open the Edit Dimension dialog box, 
where you can specify a new value to change the size or location of the object. See 
Figure 4-3. For many applications, you will find that it is more efficient to display 
the Edit Dimension dialog box immediately when you create a dimensional constraint. 
To do this, pick the Edit dimensions when created check box in the Sketch tab of the 
Application Options dialog box. You can also activate the Edit dimensions when created 
option while using the General Dimension tool by right-clicking before you locate a 
dimensional constraint, and selecting Edit Dimension. 


NN —g —_ eee ee oor 
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Figure 4-3. 


TheEditDimension pme <P When Brine’ 

dialog box allows . —_— When yOu add 
you to spetify a tin # Done [Esc] a dimension, 
dimensional constraint 1.0 Bes orense Par a aan ae: 
value. The dialog box S Previous View F5 ie Edit oe. 
appears automatically ee lade check box is on 
when you place the How To... 

dimension if you select 

the Edit Dimension 

option of the General 

Dimension shortcut 

menu. 


To edit dimensional constraints at any time, even while the General 
Dimension tool is not active; double-click a dimensional constraint 
to access the Edit Dimension dialog box. 


There are several ways to specify dimensional constraint values in the Edit 
Dimension dialog box. The most basic options are to type a value or enter an equation 
in the text box. Dimensional constraint units reflect the current work environment 
and unit settings. For example, typing 1 means 1 inch when you are working with 
inch units. However, you can enter units after a numerical value to convert the value 
to the specified units. For example, you can enter 20 mm while working in an inch-unit 
system. 

Equations are common for linking a dimensional constraint value to an existing 
dimensional constraint, which enables the sketch to adapt according to parameter 
changes. Equations are also used when the exact numerical dimensional constraint value 
is unknown. Figure 4-4 shows some keys used to create basic expressions. In addition to 
these standard operations, you can use functions such as sin, cos, log, and tan. 


The letters fx: before the value differentiates a dimensional 
constraint value specified using an equation from other dimen- 


sional constraints. For example, an equation of 2+2 appears as fx:4 
in the sketch. 


Figure 4-4. 
Keyboard keys 
used to create basic 
expressions to 
specify dimensional 
constraint values. 
Many other 
expressions are also 
possible. 


divide al 6/2 or Jia emit 


| 3^5 


power operation 


l (6"3)+(47.25/26) 


separate expressions 
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You can enter equations in most Inventor text boxes. Refer to the 
Equations reference section of the Inventor help files for further 
information regarding expressions, equation prefixes, units, and 
procedures for entering more complicated expressions. 


Another way to specify a dimensional constraint value is to reference existing 
sketch or model information while using the Edit Dimension dialog box. One method 
is to pick Measure from the text box menu and then pick an object, such as a line, or 
two points to add the length of the object or distance between the two points to the text 
box. You can also select recently entered values from the text box menu. To access the 
text box menu, pick the arrow to the right of the value shown in the text box. 

Another, often more useful, technique is to reference a sketch or model parameter. 
If you know the name of a parameter, enter the name in the text box. A quick way to 
use a sketch parameter without knowing the parameter name is to pick a dimensional 
constraint to copy the parameter to the text box. See Figure 4-5. If you pick the check 
mark, the object becomes the same size as the reference object. This is essentially the 
same constraint that occurs with an equal geometric constraint. As a result, when 
you reference an existing dimensional constraint, you usually include an equation, as 
shown in Figure 4-6. 


Figure 4-5. i 
When adding a É Edit Dimension di 
new dimensional 
constraint, pick an 
existing dimensional 
constraint to create a 
reference. 
pen 
Referenced dimension 
fx:d4 
After you close the 
Edit Dimension dialog box, 
the dimension and geometry change 
to match the referenced dimension 
Figure 4-6. d0 
Using existing w 
dimensional 


constraints and 
equations to define 


an object. Equation 
(ul means “unitless” fx:.750 
and is applied to 
values that do not 
contain specified units) 
Result of 
equation (d1) 
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Linear 


To place a linear dimensional constraint, pick one or two curves or points. Many 
dimensional constraints, especially linear dimensional constraints, originate from 
surfaces. Select the actual surfaces from which the measurement originates when 
possible. For example, in Figure 4-7, pick the two vertical lines to specify the 1.200 
value, not the endpoints or the diagonal line. 

If the object is vertical, drag the dimension to the left or right and pick a location. If 
the object is horizontal, drag the dimension up or down and pick a location. When it is 
difficult to form the appropriate alignment, right-click and select Vertical or Horizontal 
before placing the value to help isolate a vertical or horizontal format. 

When applying linear dimensional constraints to circular objects, you have the option 
of selecting the center of the circular object or a tangent quadrant. Circular features are 
usually located according to the center point, which you can select by picking a center 
point or a curve. See Figure 4-8A. Look for the icon shown in Figure 4-8B to reference a 


Fi -7. : te : ; 
as h Right-clicking while placing .350 
Fa SRE ql dimension produces this shortcut menu\ 
imensi1ona. 
constraints control acm, : í : d 
horizontal and eas pep a 
Š l a a Linear Diameter : Aligned 
ver tica Sızes an | Edit Dimension Yertical 
locations. ee Horizontal 
| am Previous View F5 aie 4 
i Edit Dimension 
i Home View Fé 9 He sk R 
a. ae | Previous View F5 
i How To... i 
=a Home View F6 
How To 
N Right-clicking while placing 
the .750 or 1.200 dimension produces 
this shortcut menu because this 
dimension can only be vertical 
Figure 4-8. Pick second to in to the center point 


A—An example of 
linear dimension 
constraining to the 
center of a circular 
object. B—You can 
also constrain to the 
tangent edge of a 
circular object when 
- necessary. 


my icon 


£; Ck 


Pick first 


Pick second to dimension to the tangent edge 


Tangent icon 
ial 
Pick first 
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linear diameter: 
A diameter shown 


-in an edge view, so 
_ that the diameter 

` appears asa 
Straight line. 


aligned 
dimensional 
constraint: A 
dimensional 
constraint used to 
define an object 
or feature that 

is not vertical or 
horizontal. 


» angular 


dimensional 
constraint: A 
dimensional 
constraint used to 
define the angle 


- between two lines. 


: diameter 
- dimensional 
- constraint: A 


dimensional 
constraint used to 
define the diameter 


T of a circle or circular 
' object. 


| diameter: The 


distance across a 


tangent quadrant before picking. This option is common for construction purposes and 
occasionally for some drafting applications. 


A linear diameter dimensional constraint forms by default when 
you select a line that uses a centerline format. Right-click and dese- 
lect Linear Diameter if a linear diameter is not appropriate. 


Aligned 


To place an aligned dimensional constraint, pick one or two curves or points. If you 
select a single angled line, the default format is linear. To use an aligned format, select 
the object a second time or right-click and pick Aligned. Then pick a location for the 
value. See Figure 4-9. When creating an aligned dimensional constraint, you can pick a 
center point or a tangent edge, similar to the linear applications shown in Figure 4-8. 


Angular 


To place an angular dimensional constraint, select two lines followed by a loca- 
tion for the value. See Figure 4-10. The location, or quadrant, you select when placing the 
value determines the angle measured. Four placements are possible. 


Diameter and Radius 


To add a diameter dimensional constraint to specify the diameter of a circle, pick 
a circle and a location for the value. To constrain a circle using the radius, select the 
circle, right-click, and choose Radius. See Figure 4-11. To add a radius dimensional 
constraint, to specify the radius of an arc, pick an arc and a location for the value. To 
constrain an arc using the diameter, select the arc, right-click, and choose Diameter. See 
Figure 4-12. 


circle from one side Fi 4-9 
to the other through saa h i a Pick the object twice to Right-click and pick 
MCa wo methods to convert to an aligned Aligned to add an aligned 
radius: The apply an aligned format, or ... dimension 
distance from dimensional nR 
the center of a - =<] = 
circle or arc to its constraint. È 1.250 
© circumference. ý ~ Vertical 
Horizontal 
radius dimensional a 
constraint: A Serer 
dimensional co Previous View FS 
constraint used to Home Vb FS 
define the radius of To enon ee 
an arc or circular How To 
' feature. ae 
Aligned icon 
Petes 4-10. Pick the two lines 
ppymgan and place the dimension 

angular dimensional 

constraint requires 

two nonparallel 

lines. Angular icon 
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Figure 4-11. 
Dimensionally 
constrain circles 
using the diameter, 
except in some 


Pick the circle and pick to Right-click before locating the 
place the diameter dimension dimension value and pick Radius 


to place a radius dimension 


Diameter 
icon 


construction A M 

applications when N 375 Done [Esc] 

a radius is more © A 

appropriate. ‘ Edit Dimension 

Sa Previous View F5 

p Home Yyiew F6 

Figure 4-12. Pick the arc and pick to 

Dimensionally place the radius dimension 


constrain arcs using 
the radius, except in 
some construction 
applications when 

a diameter is more 
appropriate. 


Driven Dimensions 


= Radius icon Lone 


O 


Done [Esc] 


Diameter i 


Edit Dimension 


e 


Se Previous view F5 


Home View ` F6 


Right-click before locating the | “7 
dimension value and select Diameter 
to place a diameter dimension 


When you add too many dimensional constraints, the sketch should become 
over-constrained. However, Inventor does not allow over-constraining to occur. This 
reinforces a fundamental dimensioning rule, does not allow the buildup of tolerances, 
and preserves design intent. As a result, you can either not accept the dimensional 


constraint and cancel the tool, or allow the dimensional constraint to become a driven 
dimensional constraint. See Figure 4-13. 

You cannot edit a driven dimensional constraint to change the size of an object, 
but a driven dimensional constraint changes if the corresponding parameters change. 
To prevent Inventor from warning you of an over-constrained condition, pick the Apply 
Driven Dimension radio button in the Overconstrained Dimensions area of the Sketch 
tab in the Application Options dialog box. 


_ driven dimensional 
~ constraint: A 

- dimensional 

- constraint used for 
reference purposes 
only. Parentheses 
enclose reference 

~ dimensional 
constraints to show 
- that they are driven. 


Figure 4-13. 

The driven 
dimensional 
constraint, identified 
by the parentheses, 
is for reference only 
and is not directly 
editable. 
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Ribbon 


Sketch 
> Format b 


Driven dimensional constraints are sometimes appropriate for 
reference, especially in creating an adaptive part. A non-driven 
dimensional constraint uses the Normal style. To change a non- 
driven dimensional constraint to a driven dimensional constraint, 
pick the Driven Dimension button before constraining, or select 
existing dimensional constraints and then pick a button to convert 
the format. 


HH 
dl 
Driven Dimension 


Dimensional constraint appearance does not comply with ASME 
standards. Do not be overly concerned about the placement or 
display characteristics of dimensional constraints, but if possible, 
apply dimensional constraints just as you would add dimensions to 
a drawing using correct drafting practices. In addition, move and 
manipulate dimensional constraints so the sketch environment is 
as uncluttered as possible. Select and drag a dimensional constraint 
to move it. 


Exercise 4-3 — 


~ Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 4-3. 


Using the Auto Dimension Tool 


The Auto Dimension tool allows you to constrain several objects at once using the 
Auto Dimension dialog box shown in Figure 4-14. The Dimensions Required display 
box identifies the number of constraints that may be required to constrain the sketch. 
If you immediately pick the Apply button, all possible geometric and dimensional 
constraints are applied to the sketch. An alternative is to use the Curves button, which 
is active by default, to select specific geometry to constrain. 


Figure 4-14.. Choose to apply dimensions, constraints, 
You can use the Auto or both automatically to fully constrain 
Dimension dialog the sketch 


box to add geometric 
and dimensional 
constraints and 

to remove all 


Auto Dimension 


dimensional | 
constraints. The 

Dimensions B 
Required display > 

box provides a good Number of dimensions 

way to determine the needed to fully constrain 

possible number of the sketch 


constraints required 
to fully constrain the 
sketch. 
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Ribbon 


Deselect the Dimensions check box to avoid adding dimensional constraints, or 
Sketch — 


deselect the Constraints check box to avoid forming geometric constraints. The Auto 


> Constraint 
Dimension dialog box includes a Remove button for efficiently removing all dimen- | | & 
sional constraints that have been added to the sketch. Pick the Done button, press [Esc], H. 


Automatic 
Dimensions 


right-click and pick Done, or access another tool to exit. 


The dimensional constraints you create using the General Dimension 
tool are not replaced when you use the Auto Dimension tool. 


The Edit dimensions when created check box on the Sketch tab 
of the Application Options dialog box has no function in the Auto 
Dimension tool. Therefore, dimensional constraints placed using the 
Auto Dimension tool represent the current object measurements. To 
modify a dimensional constraint value, double-click on the dimen- 
sional constraint and enter a value in the Edit Dimension dialog box. 


Exercise 4-4 


Access the Student Web site (www.g-wlearning.com/CAD) and — A 
complete Exercise 4-4. 


ie 
ai 


plemental Dimensional Constraint Properties 

Material For information about controlling dimensional constraint proper- 
ties, go to the Student Web site (www.g-wlearning.com/CAD), select 
this chapter, and select Dimensional Constraint Properties. 


A sketch pattern is useful for some applications, such as when you are sketching [ sketch pattern: 
: ; ' Multiple arranged 
symmetrical geometry or when the sketch should control patterned features. However, Ẹ copies, ora pattern, 
often feature patterns are more appropriate than sketch patterns. As you will learn, ® °f sketch shapes. 
creating a sketch pattern is almost identical to creating a feature pattern. 


Mirroring 

Access the Mirror tool to mirror sketch geometry across a line of symmetry using EER 
the Mirror dialog box. See Figure 4-15. Sketch a line of symmetry, typically using the |Sketeh m | 
centerline or centerline and construction linetype, before using the Mirror tool. The | mja 
Select button is active by default, allowing you to select objects to mirror. Use window, 
crossing, or [Ctrl] selection to select multiple objects. Next, pick the Mirror line button | 
and select the line of symmetry. Pick the Apply button to create the mirror. Continue 


Chapter 4 Refining Sketches 115 


Figure 4-15. 
Use the Mirror tool and a line of symmetry to make a mirrored copy of objects. 


Pick to select Pick to select the 
objects to mirror line of symmetry 


Mirrored 
objects 


Mirror line 


Line of aoe OY l 
symmetry eT oann 
(centerline eare 

format) 


Original 
objects 


mirroring objects, or pick the Done button, press [Esc], right-click and pick Done, or 
access another tool to exit. 


The Mirror tool maintains the mirrored relationship between objects 
by assigning symmetric constraints to the original objects and 
mirrored pattern. 


Exercise 4-5 a 


Access the Student Web site (www.g-wlearning.com/CAD) and | 
complete Exercise 4-5. 


Rectangular Patterns 


Ribbon Access the Rectangular Pattern tool to create a rectangular pattern of sketch objects 
a | using the Rectangular Pattern dialog box. See Figure 4-16. The Geometry button is active 
oo by default, allowing you to select objects to pattern. Pick the Direction 1 button, and 
i | select a curve to specify the first pattern direction. You may have to sketch a construc- 
Rectangular tion line to select a direction, as shown in Figure 4-16A. If the preview and direction 
Pattern : : . : : 

arrow appear incorrect, pick the Flip button to reverse the direction. 


i occurrence: The Next, specify the total number of items, or occurrences, using the Count text box. 


tanak tems The Fitted check box is deselected by default, allowing you to define the distance 


" features) pattemed. between copies in the Spacing text box. Spacing between copies is the distance from a 
point on one object to the corresponding point on the next object, not the clear space 
between items. For example, to pattern a hexagon that is 1” (25 mm) across the flats and 
leave a .5” (12.5 mm) space between pattern copies, specify a 1.5” (375 mm) spacing. 
See Figure 4-16B. If you select the Fitted check box, the count divides equally within 
the value you specify in the Spacing text box. See Figure 4-16B. 


I ee 
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Figure 4-16. 

A—Using the Rectangular Pattern dialog box to create a rectangular pattern of polygons. 
B—Patterning the polygon using a space between occurrences, and fitting the count within a 
specified distance. 


Pick to flip the Direction 2 
direction button 


3 pá Direction 1 
f y—. Z . ioe Å 


Spacing 4 ee a 


Rectangular Pattern 


Direction 1 


Count 
text box 


text box Si Direction 2 
[Fitted an 7 (construction line) 
Pick to select Pick to access lower 

occurrences to suppress options shown 
A 

i mf ) (Y 

1.500 
Not Fitted 
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After you define Direction 1, repeat the steps to define Direction 2. For most appli- 
cations, the second direction is not parallel to the first direction. Additional pattern 
options are available in the lower portion of the dialog box. Pick the Suppress button 
and then select pattern occurrences to exclude from the pattern. Select the Associative 
check box to make the pattern associative, which means that when you make changes 
to patterned geometry, the entire pattern automatically updates to reflect the changes. 
Deselect the Associative check box to have the ability to modify each occurrence indi- 
vidually. Pick the OK button to create the pattern. 


Circular Patterns 


Access the Circular Pattern tool to create a circular pattern of sketch objects using 
the Circular Pattern dialog box. See Figure 4-17. The Geometry button is active by 
default, allowing you to select objects to pattern. Pick the Axis button and select a point | 
to specify the axis of rotation. You may have to sketch a point or center point to select | 
an axis, as shown in Figure 4-17A. If the preview and rotation arrow appear incorrect, 
pick the Flip button to reverse the rotation. 


Ribbon 


on eS 
Circular Pattern | 


` axis of rotation: 

| The axis around 

© which the selected 
1 geometry is rotated 
» or copied. 
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Figure 4-17. 

A—Using the Circular Pattern dialog box to create a circular pattern of polygons. B—Patterning 
the polygon by fitting the count within a specified distance, and using a space between 
occurrences. 


Pick to flip the Angle Selected geometry to pattern 
direction of rotation text box (axis not selected) 
Axis 
(center point) 


Circular Patteri 


Count Geometry Axis 
text box p mar 
e 


Pick to select Pick to access lower Direction 
occurrences to suppress options shown of rotation 
A 
2.00 O 
A p i (+) 
I 
45.00 
Fitted Not Fitted 
B 


Next, specify the number of occurrences using the Count text box. The Fitted check box 
is selected by default, allowing you to divide the count equally within the included angle 
specified in the Angle text box. See Figure 4-17B. Deselect the Fitted check box to specify the 
included angle between each occurrence. See Figure 4-17B. Pick the Suppress button and 
then select pattern occurrences to exclude from the pattern. Select the Associative check 
box to make the pattern associative. Pick the OK button to create the pattern. 


Dimensional constraints correspond to pattern specifications, and 
pattern geometric constraints link occurrences. Edit the dimensional 
or geometric constraints to make changes to the pattern. Right-click 
on a patterned object to access options for suppressing elements 
and for editing or deleting the pattern. You must delete a pattern to 
remove associated objects. Suppressed pattern occurrences appear 
as construction geometry. 


Exercise 4-6 CO 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 4-6. 
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Figure 4-18. 
The Offset tool allows you to create parallel objects. 


Original geometry Offset geometry 


Access the Offset tool to offset sketch geometry. Select the objects to offset and pick [ offset: Form objects 


llei to th 
the location, or offset distance. Notice that the offset distance appears on the right side Sedad geometry 


of the status bar for reference. As shown by the rectangle in Figure 4-18, an entire loop [ ph am 


is selected by default when you offset. To select individual elements, such as a single line panes 
in the rectangle, right-click and deselect Loop Select. Pick the objects to offset and then 
right-click and pick Continue or press [Enter]. Finally, pick the offset location. Continue 
offsetting, or press [Esc], right-click and pick Done, or access another tool to exit. 


By default, offsets receive the same constraints as the parent objects. 
In order to avoid applying the parent object constraints to the offset, 
right-click and deselect Constrain Offset. 


Exercise 4-7 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 4-7. 


The Inventor Precise Input toolbar, shown in Figure 4-19, allows you to identify REM 
the initial size and location of sketch geometry while sketching. For example, you can 


Figure 4-19. 
The Inventor Precise Input toolbar allows you to locate X, Y, and Z points while sketching. 


Precise Redefine button 


Precise Delta button Input Type drop-down list 


from X axis. 
¥4 Specify a point using Y coordinate and angle from X axis. 
44 Specify a point using distance from the origin and angle from X axis. 


Reset to Origin button Input boxes 
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define the exact start or endpoint of a line or the center point of a circle. To access the 
Inventor Precise Input toolbar, you must first activate a sketch tool, such as Line. 

Precise input does not constrain sketch geometry. In order to constrain the sketch, 
you must place geometric and dimensional constraints. As a result, in most cases, 
sketching with precise input takes longer and is more complicated than sketching 
objects and then placing dimensional and geometric constraints. Still, the Inventor 
Precise Input toolbar can be effective for some applications, and it is available for 
specialty viewing and sketch drawing and modification tools. 


A variety of tools and options are available for adjusting existing sketch geometry. 
For example, you can delete or add objects, or edit or remove geometric and dimen- 
sional constraints. Specific sketch modification tools are also available. 


| The appearance of sketch geometry is set according to the color 
scheme specified in the Color Scheme area in the Color tab of the 
Application Options dialog box. To adjust specific sketch geometry 
color, linetype and scale, and lineweight, use options available from 
the expanded Format panel of the Sketch ribbon tab or the Sketch 
Properties toolbar, or right-click on objects and choose Properties... 
to use the Geometry Properties dialog box. 


Sketch Properties 


Analyzing Constraints 


To confirm that a geometric or dimensional constraint is present and appropriate, 
attempt to drag a point or curve. See Figure 4-20. As a sketch becomes constrained, you 
should observe less freedom of movement. Dragging or attempting to drag objects is one 
of the fastest and most effective ways to analyze where a constraint is still required and 
to assess design options. You know when a sketch is constraining because the object 
color changes and you are no longer able to drag geometry. . 


Figure 4-20. Drag (move) icon 
The drag, or move, New 

icon appears when location >> js 

you drag sketch 
geometry. Ona a 


location 


eee 
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You can also drag objects to infer constraints. For example, drag 
the endpoint of a line to the endpoint of an arc to infer a coincident 
constraint. 


Another way to analyze constraints is to view degrees of freedom by right-clicking 


and selecting View Degrees of Freedom. Degrees-of-freedom glyphs appear, indicating 
objects that remain under-constrained. The glyphs represent the directions in which 
the objects can move. See Figure 4-21. To hide a specific degree-of-freedom glyph, 
right-click on the glyph and deselect Display Degrees of Freedom. To hide all degrees- 
of-freedom glyphs, right-click and select Hide All Degrees of Freedom. 


SNE LIT a SVE NOSE a DR I PETES VRANA AR P E E T EE EN, 


The status bar indicates the number of constraints required to define 
a sketch. The status bar displays Fully Constrained when the sketch 
is fully defined. 


Occasionally, constraining and dragging sketch geometry causes the 
sketch to twist out of shape, making it difficult to control the size and 
position of the sketch. Use the Undo tool to return to the previous design. 
To help avoid this situation, consider the following suggestions: 
e Construct sketches close to their actual finished size by 
referring to the information on the status bar. 
e Add as many geometric constraints as appropriate before 
adding dimensional constraints. 
Dimensionally constrain the largest objects first. 
Drag objects to a more appropriate location and size before 
constraining them. 


Figure 4-21. 
Display degrees-of-freedom glyphs to analyze freedom of movement remaining in an under- 
constrained sketch. 


Glyphs associated with a point 
and multiple degrees of freedom 


Glyphs associated with a line 
a and two degrees of freedom A 


P 150 
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a circle and multiple constrained glyphs are shown 
degrees of freedom when a sketch is 


fully constrained 
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Extending and Trimming Curves 


Use the Extend tool to increase the length of a curve, such as a line, spline, or arc, 
to the nearest intersection. Move the cursor over the object to display a preview of the 
extension. If the preview looks acceptable, pick the object to complete the operation. 
m; See Figure 4-22. Continue extending objects, or press [Esc], right-click and pick Done, 
Extend | or access another tool to exit. Use the Extend tool to close gaps to create the closed loop 
that is usually required to create a solid object. 

Use the Trim tool to remove an unwanted curve that extends past an intersection. 


; a Tai FL 


Sketch 


S Modify Move the cursor over the object to display a preview of the trim. If the preview looks 
pom acceptable, pick the object to complete the operation. See Figure 4-23. Continue trim- 
ming objects, or press [Esc], right-click and pick Done, or access another tool to exit. 


To trim a segment while using the Extend tool, or to extend a 
segment while using the Trim tool, hold down the [Shift] key. 


Splitting Objects 
Ribbon Access the sketch Split tool to separate a single object into two objects at an inter- 
section or apparent intersection. Move the cursor near the intersection or apparent 


intersection of two objects to highlight the object to be split and display markers at 
the split locations. See Figure 4-24. If the location of the split looks acceptable, pick the 


ae rA 1 The line is extended 
ee ae Line to be extended after it is picked 
extends a selected 
curve to the 
nearest intersection 
or apparent 
intersection. 
Re 
A preview of the line 
extension appears when the 

cursor is over the line 

Figure 4-23. 


The Trim tool trims a selected curve to the nearest intersection or apparent intersection. 


The line is trimmed 
after it is picked 


y 


a tobe A preview of the line 


trimmed trim appears when the 
cursor is over the line 


122 Inventor and Its Applications 2010 


Figure 4-24. 

The Split tool breaks 

a selected curve 

at the intersection 

or apparent 

intersection of 

another curve. + 


Pick to split at Pick to split at the 
the intersection apparent intersection 


object to create the split. The resulting split segments are individually constrainable. 


Continue splitting objects, or press [Esc], right-click and pick Done, or access another 
tool to exit. 


Access the Trim, Extend, and Split tools while trimming, extending, 
or splitting by right-clicking and selecting the appropriate menu 
option. 


Moving Objects 


Access the Move tool to move sketch objects, often an entire profile, from one REZA 
location to another using the Move dialog box. See Figure 4-25. The Select button | 
is active by default, allowing you to pick objects to move. Then right-click and pick 
Continue, or pick the Base Point button and select the base point from which to move 
the objects. Another option is to transition from object selection to base point selection 
by checking the Optimize for Single Selection check box. Pick the Copy check box to 
copy the objects. 


Figure 4-25. 
Moving sketched geometry using the Move dialog box. 
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In order to move constrained objects, it is necessary to remove constraints that locate 
the objects. Pick the More button to display options to allowing or prevent removal of 
constraints. Select a radio button in the Relax Dimensional Constraints area to specify 
whether to allow editing or removal of dimensional constraints. Pick a radio button in 
the Break Geometric Constraints area to specify whether to allow removal of geometric 
constraints. Both options are set to Prompt by default, which displays an alert when it is 
necessary to relax or break constraints in order to move the selected objects. 

Once you specify the options, pick a point to complete the move. You can use the 
Inventor Precise Input toolbar to input coordinates for the relocation point by picking 
the Precise Input check box. Continue moving objects, or pick the Done button, press 
[Esc], right-click and pick Done, or access another tool to exit. 


| The Optimized for Single Selection option and similarly named 
| options available with some tools sound advanced, but merely 
refer to a function that allows you to make faster selections without 
picking buttons or “continuing through” the dialog box. Inventor 
cycles through options automatically after you make the appro- 
priate selections. 


Copying Objects : 

Ribbon- Pick the Copy check box in the Move dialog box to make a single copy of the 
| selected objects while using the Move tool. Access the Copy tool to make multiple copies 
of sketch objects using the Copy dialog box. See Figure 4-26. The Select button is active 
by default, allowing you to pick objects to copy. Then right-click and pick Continue, or 
pick the Base Point button and select the base point from which to copy the objects. The 
Optimize for Single Selection and Precise Input check boxes are available and behave 
the same as those found in the Move dialog box. Once you specify the options, pick 
or enter a relocation point to complete the copy. Continue copying objects, or pick the 
Done button, press [Esc], right-click and pick Done, or access another tool to exit. 


Figure 4-26. 
Copying sketched objects using the Copy dialog box. 


[R] + Base Point 


C] Clipboard [Ctrl-C] [Precise Input 
L] Optimize for Single Selection 


Selected objects 


Selected base point 
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Scaling Objects 


Access the Seale tool to change the size of objects using the Scale dialog box. See REZA 
Figure 4-27. The Select button is active by default, allowing you to pick objects to scale. | Sih... 


Then right-click and pick Continue, or pick the Base Point button and select the base i 
point to define the point where the increase or decrease in size occurs. The Optimize for ol 
Single Selection and Precise Input check boxes and constraint disposition options are Scale 


available and behave the same as those found in the Move dialog box. 

You can pick a point to specify the new scale, but in most cases, it is appropriate to 
enter a scale factor using the Scale Factor text box. For example, to make the selection | gel co a 
twice the current size, type 2. Continue scaling objects, or pick the Done button, press 


_ enlargement or 
[Esc], right-click and pick Done, or access another tool to exit. ee 


BIKA TER sali Seb ys es 


The Seale tool allows you to change the size of objects—often 
an entire profile—proportionately, without adjusting individual 
dimensions. Dimensions also change to reflect the new size. 


Rotating Objects 


Access the Rotate tool to rotate objects around a point using the Rotate dialog box. 
See Figure 4-28. The Select button is active by default, allowing you to pick objects 
to rotate. Then right-click and pick Continue, or pick the Select button in the Center 
Point area and select a point to define the axis of rotation. Pick the Copy check box to 
copy the objects. The Optimize for Single Selection and Precise Input check boxes and 
constraint disposition options are available and behave the same as those found in the 
Move dialog box. 

You can pick a point to specify the new rotation angle, but in most cases, it is 
appropriate to enter a rotation angle using the Angle text box. For example, the objects 
in Figure 4-28 were originally horizontal, or at 0°, and are rotated to 45°. Continue 
rotating objects, or pick the Done button, press [Esc], right-click and pick Done, or 
access another tool to exit. 


Figure 4-27. 
Use the Scale tool to proportionately enlarge or reduce the size of sketch objects. 


Pick to access the 
additional options shown 


Pick to define the new size 


| - Break Geometric Constraints = : 


. ONever 

| always Selected objects 
l : © Prompt i 

_——— Selected base point 
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Figure 4-28. 


The Rotate tool allows you to rotate original sketch geometry and to rotate copies of sketch 
geometry. 


Pick to access the Pick to rotate the 
additional options shown a~ selected objects 


(i) see 


> CUPON era oe 
[R] setect [Precise input 
Angle 


C 

C Optimize for Single Selection — 

f Relax Dimensional Constraints 

i Onever 

| OTF No Equation 

1 Oalways 

` © Prompt 
Break Geometric Constraints —— == = === === 
O Never 
O Always 


© Prompt 


Selected center point Selected objects 
Stretching Objects 
Ribbon Access the Stretch tool to stretch objects by modifying certain dimensional 
L A constraints using the Stretch dialog box. See Figure 4-29. The Select button is active 


=4 by default, allowing you to pick objects to stretch. Select only the objects to stretch, 
A such as the arc and two lines shown in Figure 4-29. If you select a single object or an 
Stretch entire profile, the Stretch tool works like the Move tool. 


Figure 4-29. 
The Stretch tool allows you to increase or decrease the size of certain objects, such as 
elongating this boss, or slot, profile. 


Pick to access the additional 
options shown 
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selected objects 
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Right-click and pick Continue, or pick the Base Point select button and choose 
a point to define the location from which the stretch occurs. The Optimize for Single 
Selection and Precise Input check boxes and constraint disposition options are avail- 
able and behave the same as those found in the Move dialog box. Continue stretching 
objects, or pick the Done button, press [Esc], right-click and pick Done, or access another 
tool to exit. 


Exercise 4-8 : 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 4-8. 


` parameters: 
~ Geometric 
= characteristics and 
_ dimensions that 
_ control the size, 
_ shape, and position 
of model and 
_ drawing geometry. 
Ribbon 

a Ee SEE 

3 | > Parameters | 
Figure 4-30. po paan 
The Parameters dialog box is a good resource to review, edit, and export parameters, such as ie 
the sketch dimensional constraints shown. 


A model parameter is automatically created every time you add a dimensional 
constraint to a sketch. The Parameters dialog box, shown in Figure 4-30, is an effec- 
tive tool for controlling model parameters. The Model Parameters category contains all 
standard dimensional constraints. The Reference Parameters category is displayed if 
the model includes driven dimensions. 


User parameter created with an equation 
to control the thickness of the part 


Parameters 


ee oe 


ete re used in equations : 
do = .500 eil =z) d8 = .375 
linear = linear £ diameter 


Fi 
375 


d9 = .250 
driven ——» 
radius 
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In addition to the automatically specified model and reference parameters, you 
can specify your own parameters in the User Parameters category by selecting the Add 
button. User parameters function just like model parameters in the Parameters dialog 
box. Create parameters in order to access specific parameters throughout the design 
process. For example, if you know the thickness of a part will always be twice a certain 
sketch dimensional constraint, create a user parameter similar to the parameter shown 
in Figure 4-30 to define the thickness. In addition, when you select the cascading 
submenu next to a variety of text boxes, the List Parameters option is available, which 
allows you to select a user parameter to add to the text box. 

Figure 4-31 describes each column found in the Parameters dialog box table. The 
Reset Tolerance area contains Upper, Median, Nominal, and Lower buttons that allow you to 
define or reset the tolerances of all parameters listed in the Parameters dialog box to upper, 
median, nominal, or lower tolerances. Select the Display only parameters used in equations 
check box to show only parameter values used in equations or associated with equations. 
Pick the Link button to link or embed a specified spreadsheet to use for parameters. Press 
[Enter] or select the Done button when you are finished using the Parameters dialog box. 


PISCE ld I EE TD ORSON I SER PEND EAEE N rs We ese T part estes ees 


Use parameters and the Parameters dialog box throughout the 
design process to work with parameters in anything from a basic 
sketch to the most complex assembly. 


Use the Region Properties tool to analyze the properties of sketch 
regions, or profiles. Select a profile and pick the Calculate button 
to show the region properties. Select an option from the Dual Units 
drop-down list to display properties in alternate units. 


Tools : 
> Measure 


eee 


—— 


Region Properties 


Figure 4-31. 
The columns in the Parameters dialog box allow you to view or manage parameters. 


Initially displays the default parameter name. The first dimensional 
constraint receives the name d0, the next d1, and so on. Use the text 
box to change a default name to something more descriptive, such as 
Length, Width, or Diameter. 


Parameter Name 


Displays the measurement units applied to dimensional constraints; 
only editable for user parameters. 


Displays the value or equation specified when you create a dimensional 
constraint. Use the text box to change a model or user value or equation. 


Nominal Value | Shows the nominal value of the dimensional constraint. 
Tolerance Provides a drop-down list with nominal, lower, upper, or median 
| tolerance options. 
Model Value Displays the current parameter value or the calculated value of an 
equation. 


| Export Parameter 


Equation 


nominal value: 

_ The value of 

a commercial 

' product; intended 
to be the true drawn 
size without any 
specified limits. 


Check to add a dimensional constraint to custom properties for use in 
| applications such as parts lists or a bill of materials. 


[comment | Use the text box to enter a comment about the parameter. , 
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Exercise 4-9 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 4-9. 


Once you create a sketch, the next step in developing a model is to produce a 
sketched feature. Typically, to create a feature, your sketch should result in a closed 
loop and be free of defects. Sketch problems or defects are typically the result of 
_ unneeded points, a missing coincident constraint, overlapping curves, open loops, or 
self-intersecting loops. The Sketch Doctor can help to resolve sketch problems. 
You can also access the Sketch Doctor while creating a sketched feature by picking EERE 
the Examine Profile Problems button in the feature tool dialog box. If you access the | __$4steh Poctor 
Sketch Doctor from a sketched feature dialog box, you automatically see the Examine 
section of the Sketch Doctor dialog box. Otherwise, the Select section appears. See 
Figure 4-32A. Pick the Diagnose Sketch button to open the Diagnose Sketch dialog 


Figure 4-32. 
Use the Sketch Doctor to find problems with a sketch. 


Pick to start the sketch 
diagnosis process 


Select the items 


Sketch Doctor 
pmm to check for 


a Select a problem to recover: 
: à Diagnose Sketch 


Overlapping curves 


) Redundant poi 
a Missing coincident constraints 
Open loops 


Jf] Self-intersecting loops 


“Select a problem to recover: Mes pre: 
‘Bef sketchi 
i- AN Open loop 


The sketch 
problem 
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box, where you can choose which diagnostic tests to run. See Figure 4-32B. Pick the 
OK button to return to the Sketch Doctor with the sketch icons and sketch problems 
displayed in the Select a problem to recover: list box. Notice that the sketch and the 
sketch problems become highlighted in the graphics window. See Figure 4-32C. 

Pick the Next button to display the Examine section of the Sketch Doctor. See 
Figure 4-33A. The Examine section shows a description of the problem and the diag- 
nosis. You can also highlight or unhighlight the error in the sketch if desired. Pick 
the Next button to access the Treat section of the Sketch Doctor. See Figure 4-33B. The 
treatment, or problem-solving, options display in the Select a problem to recover: list 
box. Choose the Edit Sketch option and pick the Finish button. As shown in Figure 
4-33C, a solution displays in the graphics window. Follow the solution directions to 
solve the sketch problem. 


Exercise 4-10 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 4-10. 


Figure 4-33. 
The Sketch Doctor presents a diagnosis and a solution. 


Sketch Doetor 


Problem diagnosis/description: 


i Open loop Found in this profile. Use Close Loop or use Edit | 
Sketch and project geometry, add sketch geometry, and/or 
drag the loop endpoints to clase the loop. | 

| Examine 


Review the 
diagnosis 


pe 


Sketch Doctor 


Select a treatment: 


Edit Sketch 


Select the 
proposed solution 
or choose to edit 
the sketch directly 


[cies]. now > 


This message displays if you 
select the proposed solution 
Glose Loop 


t Select a curve that is connected to the start/end of the open loop, Continue selecting curves until the loop is closed, Press Ctrl and click to clear all 
nt, selections. 
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, Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper or 
go to the Student Web site (www.g- a com/CAD) and complete the electronic 
chapter test. 


1. Briefly describe what happens to the first and second selected objects when you 
are using constraint tools that require you to pick two objects. 
2. What are constraint glyphs? 
3. How do you recognize which objects and constraints are associated with a 
glyph? 
4. What is the function of dimensional constraints in a parametric sketch? 
5. What types of characteristics can you define using a linear dimensional 
constraint? 
6. What is an aligned dimensional constraint? 
7. What is the radius of a circle that has a 24-mm diameter? 
8. What isa driven dimensional constraint, and what visual cue differentiates it from 
other dimensional constraints? 
9. What is a sketch pattern? 
10. What is the axis of rotation for a circular pattern? 
11. Describe the basic function of the Offset tool. 
12. What is the purpose of the Inventor Precise Input toolbar? 
13. Explain two methods of determining whether a sketch is adequately constrained. 
14. How can you trim a line while the Extend tool is active? 
15. What is the difference between the Trim tool and the Split tool? 
16. Briefly describe two ways to copy selected geometry. 
17. What happens if you access the Stretch tool and then pick all of the lines of a rect- 
angle to stretch? 
18. Define parameters, and explain when model parner are created. 
19. When might you want to create a user parameter? 
20. Briefly describe the function of the Sketch Doctor. 
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Problems 


1-7 Instructions: 

e Open the specified Chapter 3 part file, and save the file using the name given. 

e Reopen the existing sketch to make changes. 

e Fully constrain the sketch. Add geometric constraints as appropriate, and use equal 
constraints for like objects not dimensionally constrained in the problem figure. Add 
the dimensional constraints shown. 

Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


1. File: P3-1.ipt 
Save as: P4-1.ipt 
Title: PIN 
Specific instructions: Add the diameter dimensional constraint to fully constrain 
the sketch. 


4.75 


2. File: P3-2.ipt 
Save as: P4-2.ipt 
Title: SWIVEL 
Specific instructions: Add the diameter dimensional constraint to fully constrain 
the sketch. 
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3. File: P3-3.ipt 
Save as: P4-3.ipt 
Title: SCREW 


Specific instructions: Add the diameter dimensional constraint to fully constrain 
the sketch. 


4. File: P3-4.ipt 


Save as: P4-4.ipt 
Title: SUPPORT BRACKET 

Specific instructions: Use Equal constraints to make both .250 circles the same 
diameter. Use Equal constraints to make both .750 arcs the same radius. The arcs 
are tangent to the circles. 
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5. File: P3-5.ipt 
Save as: P4-5.ipt 
Title: SUPPORT BLOCK 


Collinear 


intermediate] | 6. File: P3-6.ipt 
gy Save as: P4-6.ipt 
Title: BODY 
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7. File: P3-7.ipt 
Save as: P4-7.ipt 
Title: HEAD 
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8-10 Instructions: 


Create sketches of the following objects. 
Develop sketch geometry from the projected center point. 
Infer as many geometric constraints as possible and appropriate. 
Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 
e Use the information in the status bar to create objects the approximate size given by 
the dimensional constraints. 
e Add the dimensional constraints shown. 
e Add as much information as possible to the iProperties dialog box. Do not assign 
material and color properties at this time. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


y 8. Title: HANDLE <<right “tag end” of the centerline should be coincident with the vertical 
1 line as shown on the left>> 
Units: Inch 


Template: Part-IN.ipt 

Part Number: |AA-005-01 

Project: HANDLE 

Sketch plane: XY 

Save as: P4-8.ipt 

Specific instructions: Sketch a horizontal centerline that has a left endpoint coin- 
cident to the projected center point. Sketch the largest arcs and the horizontal line 
above the centerline first. Then mirror the objects over the line of symmetry. Close 
the shape with two vertical lines, and offset the entire loop. 
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9. Title: STOP 
Units: Inch 
Template: Part-IN.ipt 
Part Number: IAA-006-01 
Project: HANDSET 
Sketch plane: XY 
Save as: P4-9.ipt 


Specific instructions: Position the sketch at the projected center point by infer- 
ring a coincident constraint as shown. 
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10. Title: FLAT SPRING 
Units: Inch 
Template: Part-IN.ipt 
Part Number: |AA-007-01 
Project: EXTENDER 
Sketch plane: XY 
Save as: P4-10.ipt 
Specific instructions: Position the sketch at the projected center point by infer- 
ring a coincident constraint as shown. All objects are arcs, except for top hori- 
zontal line. Multiple tangent constraints are required. 
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CHAPTER 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Y Create extruded and revolved base features. 

v Add features to a base feature. 

V Develop coils. 

vV Edit features and feature properties. 


base feature: The 

- initial model feature, 
| on which all others 
are based. 


Usually, the first part model feature, or base feature, is a sketched feature. Once 
you build a base feature, you can add other features, including more sketched features, 
to complete the part design. This chapter explains how to create common extruded 
and revolved sketched features. You will also learn to create coils. 


_ sketched feature: 
- A feature built 
_ from a sketch. 
_ Sketched features 


Access the Extrude tool to create an extrusion using the Extrude dialog box. See 
Figure 5-1. Fewer options are available when creating a base feature than when building 
additional features. If a sketch includes one profile, the profile becomes selected auto- 
matically. If a sketch contains multiple profiles, the Profile button is active, allowing 
you to pick the profile(s) to extrude. 


You have the option of extruding a closed profile as a solid or surface by picking | 


the appropriate button in the Output area. You can only extrude an open profile as a 
surface when creating a base feature. Figure 5-2 shows examples of surface extrusions. 
When you are creating a solid base feature, the only possible operation is to form a new 
solid body, as evident by the selected New Solid button. Additional operations are possible 
when adding features. 

The Extents area contains options for specifying the size and boundaries of the 
extrusion. The Distance option is the only usable Extents parameter for creating a base 
feature in a model that does not include any work planes offset from the sketch plane. 
Use the Distance option to end an extrusion a specified distance from the sketch plane. 
Use the Distance text box to enter a distance, select a value from the list, choose a 
model parameter, or measure a distance. 


" include extrusions, 
_ revolutions, sweeps, 
lofts, and coils. 


Ribbon 


Extrude 


Í extrusion: A 
_ feature with a sketch 
profile that extends 


(extrudes) along a 
linear path. 


surface: A 
volumeless shape 


_ primarily used 


for construction 
purposes, allowing 


_ you to generate 
~ more advanced 
- models, 
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Figure 5-1. 

The Extrude dialog box allows you to select a sketch profile to extrude and specify extrusion 
parameters and settings. The Shape tab controls primary extrusion shape characteristics. 
The preview provides a good idea of how the extrusion will appear and helps you select 
appropriate options. 


Preview (drag to change 
extrusion distance) 


Extrude 


Sketch profile 


es [ selected to 
ai pa eB extrude 
ic to am. . aa e 
createa solid EM Li a. 
extrusion N$ | Output 
Sketch constrained 


Pick to create a New Solid Pick to specify the to projected 
surface extrusion button direction of the extrusion center point 
Figure 5-2. 
Examples of 
volumeless 


surface extrusions. 
Surfaces appear 
semitransparent 
by default and are 
listed as surfaces 
in the browser. 
Surfaces created 
using Inventor 
are primarily 

for construction 
purposes. 


Enter an extrusion distance using a parameter created in the User 
Parameters section of the Parameters dialog box by selecting the 
List Parameters option of the Distance cascading submenu and 
then selecting the appropriate parameter. 


Define the extrusion direction by selecting the Positive, Negative, or Midplane direc- 
tion button. See Figure 5-3. You have the option of specifying the extrusion distance 
and direction by dragging the preview to or from the sketch plane. This is primarily a 
preview and design function. For most applications, enter an exact value and choose 
the appropriate direction. 

The More tab, shown in Figure 5-4, controls additional extrusion characteris- 
tics. Use the Taper text box to taper the extrusion. Specifying a taper angle allows 
you to apply a slight draft angle or create a very different feature. The options in the 
Alternative Solution area are unavailable for base extrusions. Pick the OK button to 
create the extruded feature. 


eee 
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Figure 5-3. 
Choose an extrusion direction appropriate for the application. 


Distance occurs in a Distance occurs in a Divides the distance 
positive direction from negative direction from equally on both sides of 
the sketch plane the sketch plane the sketch plane 


Midplane 


Positive Negative 


Figure 5-4. 

The More tab of the Extrude dialog box provides advanced extrusion options and a method 
for tapering the extrusion. Notice the significant impact direction can have when tapering an 
extrusion. 


Specify an angle other 
than 0 to taper the extrusion 
from the sketch plane 


Extrude Extrusion? 


Negative Direction Midplane Direction 


Once you complete a sketch, access sketch feature tools such as 
Extrude from the sketch environment by right-clicking and selecting 
a tool from the Create Feature cascading submenu. 


Exercise 5-1 


Access the Student Web site (www.g-wlearning.com/CAD) and. 
complete Exercise 5-1. 
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Navigation Bar 


Free Orbit 
Ribbor 
View 


> Navigate r 


hte! 


Free Orbit 


consumes: Uses 
up in the process of 
forming a feature. 


share: Reactivate a 
consumed sketch to 
use for other feature 
development. 


Basic Model Viewing 


A 3D model is created in 3D space and often requires viewing in a 3D orientation. 
As you progress through the design process, you will adjust the orientation to display 
specific areas of the model. For example, when you add a sketched feature to a base 
extrusion, you may have to rotate the base extrusion into a position that allows you to 
view and select a specific face on which to sketch. 

Access the Orbit tool to view a model from any angle. The Orbit tool is set to Free 
Orbit mode by default. Figure 5-5 shows the behavior of the Orbit tool. Hold down the 
left mouse button and drag the orbit icon to orbit freely. To orbit around the vertical 
axis line, drag one of the horizontal lines left or right. To orbit around the horizontal 
axis line, drag one of the vertical lines up or down. To orbit around the horizontal axis 
point, drag near an outside quadrant. You can also use the Orbit tool to pan the display. 
Instead of holding down the left mouse button to drag, pick a point to pan the display 
away from the selection. Press [Esc], pick outside the rotation area, right-click and pick 
Done, or access another tool to exit. 

You will learn many additional model viewing tools and options. For now, the Free 
Orbit and View Face tools and the basic zooming and panning techniques described in 
previous chapters should allow you to view models as needed. 


Reusing a Sketch 


A sketched feature consumes a sketch making the sketch unavailable to create 
additional features. However, you can share a consumed sketch to create independent 
features. To share a sketch, expand the feature consuming the sketch in the browser to 
show the sketch, right-click on the sketch, and select Share Sketch. A new instance of 
the sketch appears in the browser and becomes active. Use all or part of the sketch to 
create another feature. 


Figure 5-5. 
The position of the cursor determines the method of rotation when you use the Orbit tool. 
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You can also reuse any visible sketch. To make a sketch visible, expand the feature 
consuming the sketch in the browser to show the sketch, right-click on the sketch, and 
select Visibility. Use the visible sketch to build an appropriate feature. A visible sketch 
used to create an additional feature is automatically shared. 


Exercise 5-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 5-2. 


_ revolved feature 
(revolution): A 
feature with a sketch 
. profile that rotates 

_ (revolves) around 
an axis. 


Access the Revolve tool to create a revolved feature, or revolution, using the Revolve 
dialog box. See Figure 5-6. Fewer options are available for creating a base feature than 
for building additional features. If a sketch includes one profile and a line assigned the 
centerline format, the profile and axis select automatically. If a sketch includes one profile, 
but not a line assigned the centerline format, the Axis button is active, allowing you to pick RES 


Model 


the axis. If a sketch contains multiple profiles, the Profile button is active, allowing you to | "3 Create 


pick the profile(s) to revolve. You must then select the Axis button to pick the axis. 

The axis defines the centerline of revolution. You must consider the location of the 
axis when you develop the sketch. An axis can be any line in the sketch, an axis in the 
Origin folder of the browser, or a work axis. Inventor recognizes lines in the the sketch 
centerline format and the construction and centerline format as axes, which can auto- 
mate selection as shown. The sketch in Figure 5-6, for example, uses an axis projected 


Figure 5-6. 

The Revolve dialog box allows you to select a sketch profile to revolve and specify revolution 
parameters and settings. The Shape tab controls primary revolution shape characteristics. 
The preview provides a good idea of how the revolution will appear and helps you select 
appropriate options. 


Preview Sketch includes projected 


axis (Y axis) assigned a 
centerline format 


Revolve 


“Shape |More [ee 
Profile Sketch profile 
selected to 
a revolve 
BL Solids (sketched on 
XY plane) 


= Output ~~ 


Pick to Pick to New Solid 


create a solid create a surface button 
ext gine Linear diameter ——® 99-0 Sketch constrained 
dimensional constraints to projected center 
form by default when point and Y axis 


you pick a centerline 
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from the Origin folder of the browser, converted to a centerline format. The centerline 
format provides an additional advantage by allowing you to create linear diameter 
dimensional constraints by default, which is often appropriate for revolved features. 


SIONAL TIP 
Constrain a revolution profile to the projected center point when 
possible to constrain to the origin, not just a point in space. The 


projected center point is also coincident to the axes in the Origin 
folder of the browser, which you can select as an axis. 


You have the option of revolving a closed profile as a solid or surface by picking 
the appropriate button in the Output area. You can only revolve an open profile as a 
volumeless surface when creating a base feature. When creating a solid base feature, the 
only possible operation is to form a new solid body, as evidenced by the selected New Solid 
button. Additional operations are possible for adding features. 

The Extents area contains options for specifying the angle, or amount, of revolu- 
tion. The Full option is active by default and revolves the profile 360°, or completely 
around the axis, as shown in Figure 5-6. To make an incomplete revolution, as shown 
in Figure 5-7, pick the Angle option from the drop-down list and specify a revolution 
angle between 0° and 360° in the Angle text box. 

Define the direction of rotation by selecting the Positive, Negative, or Midplane 
direction button. When using the Angle option, you can specify the revolution angle 
and direction by dragging the preview to or from the sketch plane. This is primarily a 
preview and design function. For most applications, enter an exact value and choose the 
appropriate direction. The More tab controls additional revolution characteristics that 
are unavailable for base revolutions. Pick the OK button to create the revolved feature. 


Figure 5-7. Revolution occurs 
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Exercise 5-3 Le 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 5-3. 


Once you create a base feature, you are ready to continue part development by 
adding features. The next feature can be a sketched, placed, catalog, pattern, or work 
feature. In general, additional sketched features, and in some cases work features, 
reference a sketch. You place all other features on existing feature geometry without 
using a sketch. 


Adding 2D Sketches 


Use the 2D Sketch tool to place an additional sketch. The process is the same as REZ 
beginning a base feature sketch. You can access the tool before or after specifying 
the sketch plane. Several options are available for adding a sketch to a model that | 
already contains a feature. One common technique is to open a sketch on the face of an i E 
existing feature. See Figure 5-8. Another common option is to open a sketch on one of | Create 2D Sketch 
the default work planes in the Origin folder of the browser. This is the same as picking Geni am a 

i i 
a plane to begin a base feature sketch. See Figure 5-9. = 


To sketch on a surface that is hidden by existing features, right- : 
click and select Slice Graphics to temporarily section the part at the 
sketch plane, revealing the sketch geometry. 


Shortcut 


| _ Slice Graphics. - 


Type 


Figure 5-8. 

Examples of sketching on feature faces to add extrusions required to develop a socket-head 
cap screw. The sketches in this example are constrained to the projected center of the screw 
head to form the shaft and socket. 


Existing Pick a planar Join Pick a planar 
revolution face tosketch extrusion face to sketch 


eS 


Shaft Sketch 


Cut extrusion 


Shaft Feature Socket Sketch Socket Feature 
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Figure 5-9. 
Examples of 
sketching on planes 
available from 

the Origin folder 

of the browser to 
add extrusions 
required to develop 
the ball for a ball 
valve. The sketches 
in this example 


are constrained Base Feature Sketch Revolved Base Feature 
to the projected 

circumference of the Sketch 

ball. profiles 


XY plane ~ E 
(Feature semi- Ea 
transparent) ' 


Second Feature Sketch Cut Extrusion 


Sketch 
profile 


YZ plane A 
(Feature semi- 


transparent) 


Third Feature Sketch Cut Extrusion 


Constraining to Features 


Several tools and options are available for reusing existing model geometry to 
construct additional sketches. One of the easiest techniques is to select feature points 
and edges when applying geometric and dimensional constraints. Use the same proce- 
dures as you would to select sketch geometry. The points and edges you constrain 
to are automatically projected onto the sketch plane. See Figure 5-10. To reference 
existing feature parameters when adding dimensional constraints, pick the Show 
Dimension option from the Edit Dimension dialog box menu, and then select a feature 
to show dimensional constraints. Pick a value to copy the associated parameter to the 
Edit Dimension dialog box. 

You can also use the Project Geometry tool to project specific feature points and 
edges onto the sketch plane. This is the same tool you use to project the default work 
features, available from the Origin folder of the browser, onto a base feature sketch. 
Use the Project Geometry tool to project any available construction geometry. You 
can project and reuse the items in the Origin folder of the browser as many times as 
needed. 


Ribbon 


Project Geometry 


O TOO T eTA 
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Figure 5-10. 
Adding geometric 
constraints and 
dimensional 
constraints from the 
sketch to existing 
features without 
first projecting 
feature objects onto 
the sketch plane. 


Dimensional constraints 
reference feature angles 


Parallel geometric 
constraint references 
feature edge 


Using Autoproject Tools 


Tools are also available that project edges automatically onto a new sketch plane. 
The Sketch tab of the Application Options dialog box includes two automatic projection 
tools. Pick the Autoproject edges during curve creation check box to project a feature 
edge onto the sketch plane while using sketch tools. To use the Autoproject edges 
during curve creation tool, access a sketch tool, such as Line, Spline, Circle, or Arc, 
and then move the cursor over the edge to project. The edge changes color to signify 
projection. 

Edges projected using the Autoproject edges during curve creation tool initially 
appear for reference. They become sketch geometry only when you constrain to the 
projection. If you do not actually pick a location on a projected edge while sketching to 
apply a coincident constraint, the projection is removed when you exit the sketch tool 
and is unavailable for feature development. See Figure 5-11. 


ee es eee on Du ee 


Toggle the Autoproject edges during curve creation tool on and off | 
while using a sketch tool by right-clicking and selecting or dese- | 
lecting Autoproject. 


Figure 5-11. 

A—Autoprojecting a feature edge while using the Rectangle tool. B—Autoprojecting a second 
feature edge and sketching a rectangle by inferring coincident constraints on projected edges. 
C—Extruding the rectangle to the closest face. 


Hover to project edge Second 
i reference edge 


Projected 
reference 
edge 


E 
p” 


Sl Sketch 
plane 


Chapter 5 Extrusions, Revolutions, and Coils 


147 


The Autoproject edges for sketch creation and edit check box, which is selected by 
default, projects and constrains all face edges onto the sketch plane when you open a 
new sketch. See Figure 5-12. Edges change color to signify projection. Edges projected 
using the Autoproject edges for sketch creation and edit tool become sketch geometry. 
Use this technique to produce a new sketch profile almost instantly based on the 
outline of a feature face. 


Exercise 5-4 a 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 5-4. 


Adding Extrusions 


The Extrude dialog box provides additional operation, extents, and solution options 
for adding an extrusion to a model with existing features. Pick the Join button to add 
material to the solid. Joining is essentially the same operation applied when you create 
a base feature. Select the Cut button to use the sketch profile to remove material from 
the solid. Pick the Intersect button to retain the intersecting portion of the new extru- 
sion and existing solid. Disregard the New solid button for now. Figure 5-13 shows the 
application of different extrusion operations using the same sketch profile. 

The Distance extents option remains available, but you can now pick Measure from 
the Distance list to measure points and curves on a feature. Pick Show Dimensions 
from the Distance list and select an existing feature to see dimensional constraints 
associated with the feature. You can then select a dimensional constraint value, or 
parameter, to copy to the Distance text box. 

Pick the To Next option to extrude to the closest intersecting face or plane. See 
Figure 5-14. A direction icon indicates where the extrusion will occur. If the default 
direction is incorrect, pick the alternate direction button. If the extrusion does not 
terminate at the correct location, you may be able to solve the problem by picking the 
Termination button and picking a different object. 

Select the To extents option to extrude to a selected face, plane, or point. See 
Figure 5-15. The Select surface to end the feature creation button is active, allowing 
you to pick the face, plane, or point at which to terminate the extrusion. If the location 
does not intersect the extrusion path, as is common, select the Terminate feature on 
extended face check box. 


Figure 5-12. 
A—Autoprojecting 
and constraining all 
feature edges during 
sketch creation. 
B—Using the 
automatic sketch 
profile to create a 
tapered extrusion. 


Automatically projected 
edges shown in color 
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Figure 5-13. 
Pick the appropriate operation button to join, cut, or intersect a secondary extrusion. 
Vertical 


fx:.125 : 
points P Horizontal 
i points 


12 


fx:.125 


Sketch Profile 


Intersect 


Figure 5-14. 
Creating an extrusion using the To Next extents option. 


Extrusion ends 
at the first acceptable 
face or plane 


a i i, 


| Match shape 


Pick the From To extents option to choose a face or plane to begin and end the 
extrusion. See Figure 5-16. The Select surface to start the feature creation button is 
active, allowing you to pick the face or plane to begin the extrusion. The Select surface 
to end the feature creation button then activates, allowing you to pick the face or plane 
to end the extrusion. If the surfaces you choose to start and end the extrusion do not 
intersect the extrusion path, as shown in Figure 5-16, check the Terminate feature on 
extended face check boxes. 


Chapter5 Extrusions, Revolutions, and Coils = sti—‘“‘—s~s‘“‘“‘“‘;;! EG 


150 


Figure 5-15. 
Creating an extrusion using the To extents option. 
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face or plane 
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Figure 5-16. 
Creating an extrusion using the From To extents option. 


Select surface Extrusion ends at Sketch 
to start the feature selected face or plane profile 
creation button 


Extrusion begins at 
selected face or plane 
Select surface Terminate 


to end the feature feature on extended 
creation button face check boxes 


If you have difficulty using the To or From To extents options, you 
may need to specify additional extents information in the Alternate 
Solution area of the More tab. Use the Flip Direction buttons to change 
the direction of the extrusion. You can also select the Minimum 
Solution check box to terminate the extrusion at the nearest plane or 
face instead of possibly cutting through multiple planes or faces. 


Select the All extents option to extrude a feature directly through all other features. 
A distance value and selections are not required. A direction icon indicates where the 
extrusion will occur. If the default direction is incorrect, pick an alternate direction 
button. A common application for the All extents option is when cutting though the 
entire model, such as when adding a thru slot. Figure 5-17 shows an example of using 
the All option to join-extrude a sketch profile to the last possible face. 
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Figure 5-17. 
Creating an extrusion using the All extents option. 


Extrusion ends at the last Sketch profile 
acceptable face or plane 


Use the appropriate extents option to ensure parametric relation- 
ships. When you use the To Next, To, From To, and All extents 
options, the length of the extrusion is associated with the begin- 
ning and termination faces or planes. This allows the extrusion to 
adjust according to model changes, without you having to specify 
an existing parameter as the distance. 


Each feature tool provides unique options. However, the funda- 
mental output and operation functions available for the Extrude tool 
are generally available for other tools. The Infer iMates check box is 
available when adding many different features to a model. iMates 
provide one method of assembling components in an assembly file. 


Exercise 5-5 


Access the Student Web site (www.g-wlearning.com/CAD) and — 
complete Exercise 5-5. 


Adding Revolutions 


The Revolve dialog box provides additional, and more usable, options when you 
add a revolution to a model with existing features. You can now choose the Join, Cut, 
Intersect, or operation button to add, remove, or combine material using the revolution. 
Disregard the New solid button for now. The Full and Angle extents options remain, the 
To and From To extents options are more usable, and the To Next option is available. 

Operation and extents options function essentially the same when adding a revo- 
lution as when adding an extrusion. Keep in mind however, that revolutions occur 
around an axis. Figure 5-18 shows a few of the many possible applications for adding 
revolved features. Study each example to help recognize when it may be appropriate 
to use a specific operation and extents combination. 
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open sketch 
profile: A sketch 
profile that does not 
form a closed loop. 
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Figure 5-18. 

A—A hex screw head 
created from a base 
extrusion, followed by 
a Cut/Full revolution. 
B—A part formed 
from a base revolution, 
followed by a Join/ 

To Next revolution. 
C— A part formed 


Revolution sketch profile 
(graphics sliced for clarity) 


Revolution 
axis coincident to 
center point 


Extrusion sketch 
centered on and constrained 
to projected center point 


from a base revolution, Base Distance Extrusion Cut/Full Extrusion 
followed by a Cut/ — A 
Angle revolution. 
Secondary 
revolution sketch 


profile 


Secondary 
revolution uses 


ix the same axis as the 


base revolution 


Base u Revolution 


Join to/Next Revolution 
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Secondary revolution 90° midplane 
sketch profile (graphics 
sliced for clarity) 


Secondary 

revolution uses 

the same axis as the 
base revolution 


Base Full Revolution Cut/Angle Revolution 


Exercise 5-6 pen 


Access the Student Web site (www.g-wlearning. com/CAD) and 
complete Exercise 5-6. 


Open Profile Solids 

For information about creating extrusions and revolutions using an 
open sketch profile, go to the Student Web site (www.g-wlearning. 
com/CAD), select this chapter, and select Open Profile Solids. 
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plemental Solid Body Fundamentals 

aterial For basic information about the purpose of the New solid 
and Solids buttons found in the feature dialog boxes, as well 
as the Solids folder in the browser, go to the Student Web site 
(www.g-wlearning.com/CAD), select this chapter, and select Solid 
Body Fundamentals. 


As you learn to use Inventor, you may want to explore tools and 
techniques for creating multiple solid bodies, and then deriving the 
bodies to create an assembly and individual part files. However, 
throughout the exercises and problems in this textbook, ensure that 
you only create a single solid body per part file. 


A coil feature allows you to model items such as springs or replicate thread or 
helical milling. A coil sketch profile defines the cross section of an individual coil or 
helical cut. The profile then forms or cuts around an axis according to specified helical 
parameters. See Figure 5-19. 

Access the Coil tool to create a coil feature using the Coil dialog box. See Figure 5-20. 


Fewer options are available when creating a base feature than when building additional | 
features. If a sketch includes one profile, the profile is selected automatically and the | 


Axis button is active, allowing you to pick the axis. If a sketch contains multiple profiles, 


the Profile button is active, allowing you to pick the profile or profiles to coil. You must ° 


then select the Axis button to pick the axis. 

The axis defines the centerline of helix. You must consider the location of the axis 
when developing a sketch. An axis can be any line in the sketch, an axis in the Origin 
folder of the browser, or a work axis. The sketch in Figure 5-20, for example, uses the Y 
axis, which is appropriate for the sketch profile on the XY plane. If the direction of the 

coil preview appears incorrect, pick the Flip button to change the direction. 


Constrain a coil profile to the projected center point when possible 
‘to constrain to the origin, not just a point in space. The projected 
center point is also coincident to the axes in the Origin folder of the 
browser, which you can select as axes for coils. 


You can coil a closed profile as a solid or surface by picking the appropriate button 
in the Output area. You can coil an open profile only as a volumeless surface. When 
creating a solid base feature, the only possible operation is to form a new solid body, as 
evident by the selected New Solid button. When you add a coil, the Join, Cut, and Intersect 
operation buttons are available for adding, removing, or combining material using the 
coil. 
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spiral feature used 


_ to create springs, 


detailed threads, 


- and similar items. 
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Figure 5-19. 
A—An example of a sketch profile used to form a base feature coil. This example uses the 
vertical axis coincident to the projected center point as the axis. B—An example of a sketch 


profile used to cut threads into an extruded cylinder. This example uses the center line of the 
cylinder as the axis. 
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Figure 5-20. 

The Coil dialog box allows you to select a sketch profile and specify coil parameters and 
settings. The Coil Shape tab controls primary coil shape characteristics. The preview 
provides a good idea of how the coil will form and helps you select appropriate options. 
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-Output 
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Specify the coil rotation by picking the Clockwise or Counterclockwise button in 
the Rotation area. A counterclockwise rotation corresponds to right-hand threads. A 
clockwise rotation corresponds to left-hand threads. 


Coil Size 


Pick the Coil Size tab to specify the size of the coil. See Figure 5-21. Pick an option 
from the Type drop-down list to create a coil according to known parameters. Select 
the Pitch and Revolution option to specify the pitch and number of coil revolutions. 
Choose the Revolution and Height option to identify the number of revolutions and 
height. Select the Pitch and Height option to identify the pitch and height. Use the text 
boxes that appear when you choose a type option to specify values. 

The Taper text box is available when you select a coil type other than Spiral. Use 
the Taper text box to specify a taper angle for the coil. See Figure 5-22. Select the 
' Spiral type option to create a coil without height. See Figure 5-23. Use the Pitch and © 
Revolution text boxes to specify the spiral parameters. 


Figure 5-21. 

The Coil Size tab of 
the Coil dialog box 
provides options 
for specifying the 
coil pitch, height, 
taper, and number 
of revolutions, 
depending on the 
coil type. 


oil: Goill 


Pitch; and Revolution }Pitch and Revolution 


Revolution and Height 


Figure 5-22. 
An example of a coil 
with a 45° taper. 


Figure 5-23. 
An example of a 
spiral coil. 
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` pitch: The distance, 


parallel to the axis, 
between a point on 
one coil revolution 
to the corresponding 


point on the next 


coil revolution. 


revolution: Ina 
coil, one complete 
spiral, or 360° loop. 


height: In a coil, 
the total length of 
the coil from a point 
at the beginning 

of the coil toa 
corresponding point 
at the end of the 
coil. 
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` natural end: A 


type of coil end that 
occurs as a natural 


~ result of the pitch, 


revolution, height, 


- and profile of the coil. 


| flat end: A type of 


coil end in which 


_ the first or last coil 
~ adjusts to create a 


flat start or finish for 


* aspring. 


transition angle: 


- The number of 


degrees a coil 
end travels, or 
transitions, with 
pitch. 


flat angle: The 
number of degrees 
a coil end travels 
without pitch. 
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Coil Ends 


Pick the Coil Ends tab to specify the formation of coil ends. See Figure 5-24. You 
can adjust the appearance of the start and end of the coil independently using options 
in the Start and End areas. Use the default Natural option to use a natural end, or pick 
the Flat option to apply a flat end. 

A natural end is unaltered, or untreated, and uses 0° transition angles. Selecting 
the Flat option activates the Transition Angle and Flat Angle text boxes used to specify 


| the transition angle and flat angle. Coil in Figure 5-24 shows the difference between a 
natural end and an end with a 90° transition angle and 90° flat angle. Coil2 in Figure 5-24 
_ shows a transition angle of 0° and a flat end of 180°. Pick the OK button to create the 


coil feature. 


| Applying transition and flat angles to a coil does not change the 
profile geometry. 


SE a eS a RS i see a on i oc 


Use the Coil tool to create realistic, detailed threads when neces- 
sary. However, for most applications, the Thread tool is adequate for 
generating thread representations. 


Exercise 5-7 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 5-7. 
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Figure 5-24. 
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To edit a feature, double-click on the feature in the browser or right-click on the 
feature in the browser and pick Edit Feature. The associated feature dialog box reap- 
pears, allowing you to make changes. For example, the Extrude dialog box displays 
when you edit an extrusion. See Figure 5-25A. The consumed sketch and other asso- 
ciated content, such as work features, also control the size, shape, and location of a 
sketched feature. Edit the sketch to make changes to the feature that you cannot make 
using the feature dialog box. See Figure 5-25B. 

You can adjust the design history by dragging and dropping sketches and features 
above or below certain items in the browser. Drag End of Part above an existing feature, 
or drag features below End of Part, to observe the design history or add a feature at an 
_ earlier point in the design. For example, Figure 5-26 shows adding a collar to a T pin 
early in the design. Save the original part as a new design to create a new part while 
keeping the original alternative design. In the redesign file, drag and drop End of Part 
above the extrusion used to create the pin, and then create the collar. Notice how the 
original feature names remain. To complete the collared T pin, you must redefine and 
constrain the sketch plane used to position the pin, because the collar feature removes 
the correct association. 


Figure 5-25. 
A—An example of editing a feature to adjust a model parameter: the length of the T pin shaft. 


B—An example of editing a sketch to adjust a model parameter: the diameter of the T pin 
handle. 
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Figure 5-26. 
An example of modifying and adding features to create a new or different design. Moving 
the End of Part indicator in the browser temporarily turns off items in the model. 
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You cannot rearrange features in the browser that must occur before 
or after other features. Adding new features before existing features 


often results in errors if the new features remove or alter existing 
feature reference geometry. 


Delete an unneeded feature by picking the feature in the browser and pressing 
[Delete] or right-clicking on the feature in the browser and selecting Delete. A dialog box 
appears, allowing you to keep items consumed by or that reference the feature. Dese- 
lect the check boxes corresponding to items you want to keep. Most model content is 
linked together. When you remove a sketch or feature, the model often loses associated 
content. 


Feature and Face Properties 


Right-click on a feature in the browser or in the graphics window and select 
Properties to display the Feature Properties dialog box. See Figure 5-27. The options in 
the Feature Properties dialog box are specific to the selected feature and vary depending 
on the feature type. Most features include a Name property that you can change to a 
more descriptive name. You can also change the default feature name, as well as most 
other items in the browser, by slowly double-clicking on the item and entering a new 
name. 
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Figure 5-27. 


The Feature Properties dialog box controls feature-specific properties. This example shows 


the properties of an extrusion renamed BASE. 
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The Suppress area contains options for suppressing, or turning off, the selected 
feature. Feature suppression is commonly used to explore design ideas or to allow the 
model to adapt to other features or assembly components. The model does not calculate 
a suppressed feature. You can also suppress a feature by right-clicking on the feature in 
the browser or in the graphics window and picking Suppress Feature. This is the same 
as selecting the Always check box in the Feature Properties dialog box. 

To change the color of the part, select a color from the Feature Color Style drop- 
down list. The color of a feature is often set to a different color to represent a special 
surface treatment or finish, or to emphasize a feature for modeling purposes. To change 
the color of a specific face, close the Feature Properties dialog box. Then right-click ona 
face and select Properties to display the Face Properties dialog box. Pick the face color 
from the Face Color Style drop-down list. See Figure 5-28. 


Figure 5-28. 

Use the Face 
Properties dialog 
box to change the 
color style applied to 
selected model faces. 
This example shows 
a knurled color style 
override applied 

to model faces to 
represent a knurled 
surface finish. 
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Parameters 


Feature Parameters 


A model receives parameters when you add dimensional constraints to a sketch 
and when you create a feature. For example, an extrusion includes parameters asso- 
ciated with sketch profile dimensional constraints, as well as extrusion extents and 
the taper specified in the Extrude dialog box. Use the Parameters dialog box to help 
manage model parameters. 

Figure 5-29 shows an extrusion and the corresponding Parameters dialog box. 
The figure includes the Extrude dialog box to show the application of the THICKNESS 
parameter. In this example, parameter d4 is the extrusion distance and d5 is the taper 
angle. These are the only two parameters specifically associated with the feature. All 
other parameters control the size and shape of the sketch. Notice that the user param- 
eter THICKNESS, which is an equation linked to the parameter d4, controls the extru- 
sion distance. Select the THICKNESS parameter by picking the List Parameters option 
from the Distance text box in the Extrude dialog box instead of entering a value. 


Figure 5-29. 

Working with model parameters in the Parameters dialog box. The Extrude dialog box 
is shown for reference only. You must complete an extrusion to view parameters in the 
Parameters dialog box. 
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» Chapter Test 


~ Answer the following questions. Write your answers on a separate sheet of paper or 
, g0 to the Student Web site (www.g-wlearning.com/CAD) and complete the electronic 
chapter test. 


What is a base feature? 

Define extrusion. 

What is a surface extrusion? 

Name the default orbit mode for viewing an object. 

Briefly describe how to reuse a consumed sketch. 

Define revolution. 

What is the difference between using the Full and Angle extents options to create 
a revolution? 


. Briefly explain the purpose of extruding an object using a cut operation. 

. What is a coil? 

. What defines the centerline of a helix? 

. Define the terms pitch and revolution as they relate to coils. 

. Explain how to edit a feature. 

. How do you access the Feature Properties dialog box? 

. Explain the purpose of suppressing a feature, and give an application for feature 


suppression. 


. Name the dialog box in which model parameters are controlled. 
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Problems 


1-8 Instructions: 
e Open the specified Chapter 4 part file, and save the file using the given name. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


1. File: P4-1.ipt 
Save as: P5-1.ipt 
Title: PIN 
Specific instructions: Extrude the sketch profile 52 mm using the Midplane option, 


as shown. 


2. File: P4-2.ipt 
Save as: P5-2.ipt 
Title: SWIVEL 
Specific instructions: Extrude the sketch profile 9.5 mm in the positive direction 


as shown. 
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3. File: P4-3.ipt [intermediate] 
Save as: P5-3.ipt 
Title: SCREW 
Specific instructions: Extrude the sketch profile 80 mm in the positive direc- 
tion as shown. Open a sketch on the bottom face of the extruded cylinder and 
sketch a 5.35 circle coincident to the center point of the bottom face. Change the 
projected edge of the cylinder to a construction linetype so that Inventor recog- 
nizes only the larger circle as the sketch profile. Extrude the sketch 7.2 mm away 
from Extrusion1 as shown. Open a sketch on the top face of the extruded cylinder 
and sketch a 12.7 circle coincident to the center point of the top face. Change the 
projected edge of the cylinder to a construction linetype so that Inventor recog- 
nizes only the smaller circle as the sketch profile. Extrude the sketch 22 mm away 
from Extrusion1 as shown. 


Extrusion3 


Extrusion1 


Extrusion2 
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hg intermediate] | 4. File: P4-4.ipt 

E- Save as: P5-4.ipt 
Title: SUPPORT BRACKET 
Specific instructions: Extrude Profile1 .125” midplane. Share Sketch1. Extrude the 
three circle profiles (Profile2) .375” midplane. Open a sketch on Facet and offset the 
automatically projected edges .0625”. You may need to edit and constrain sketch 
geometry. Cut-extrude the sketch through the entire part as shown. 


Profile1 
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5. File: P4-6.ipt 
Save as: P5-5.ipt 
Title: BODY 


Specific instructions: Extrude the sketch 19 mm midplane as shown. 


6. File: P4-7.ipt 
Save as: P5-6.ipt 
Title: HEAD 


Specific instructions: Revolve the sketch 360° around the Y axis as shown. 
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7. File: P4-8.ipt 
Save as: P5-7.ipt 
Title: HANDLE 


Specific instructions: Extrude the outside sketch profile .65” midplane as shown. 


8. File: P4-9.ipt 
Save as: P5-8.ipt 
Title: STOP 
Specific instructions: Extrude the sketch .288” midplane as shown. 
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9-12 Instructions: 
Create sketches of the following objects. 
Develop sketch geometry from the projected center point. 
Infer as many geometric constraints as possible and appropriate. 
Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 
e Use the information in the status bar to create objects at the approximate size given by 
the dimensional constraints. 
e Add the dimensional constraints shown. 
e Add as much information as possible to the iProperties dialog box. Do not assign 
material and color properties at this time. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


9. Title: FUNNEL K intermediate 
Units: Inch m 
Template: Part-IN.ipt 
Part Number: IAA-008-01 
Project: FUNNEL 
Sketch plane: XY 
Save as: P5-9.ipt 
Specific instructions: Create the sketch profile shown on the XY plane. Fully 
revolve the sketch around the centerline sketch line. Sketch a rectangle tangent to 
the radius of the circle on the top face of the revolution. Change the projected edge 
of the cone to a construction linetype so that Inventor recognizes only the square 
as the sketch profile. Extrude the sketch .125” toward the revolution as shown. Be 
sure the extrusion adds material through the revolution. 


Projected center point 


375 
Centerline format 
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10. Title: SWIVEL BOLT 
Units: Inch 
Template: Part-iN.ipt 
Part Number: I|AA-009-02 
Project: TORSION SPRING 
Sketch plane: XY 
Save as: P5-10.ipt 
Specific instructions: Create the sketch profile shown on the XY plane. Fully 
revolve the sketch around the Y axis as shown. 
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11. Title: SWIVEL EYE Af intermediate| 
Units: Inch 
Template: Part-IN.ipt 
Part Number: IAA-009-03 
Project: TORSION SPRING 
Sketch plane: XY 
Save as: P5-11.ipt 
Specific instructions: Create the sketch profile shown on the XY plane. Revolve 
the sketch 305° around the Y axis. Use the Autoproject edges for sketch creation 
and edit tool to create a sketch of Face1. Extrude the sketch .75” away from the 
revolution. Use the Autoproject edges for sketch creation and edit tool to create a 
sketch of Face2. Add a vertical center line .5” from the center of the sketched circle 
as shown. Revolve the sketch 320° around the sketched centerline. The final part 
should look like the part shown. 


Face1, original 


D sketch plane 
orizonta 125 comme, (behind extrusion) 


Axis line 


Projected yee 


center point 


12. Title: TORSION SPRING SA Advanced | 
Units: Inch E 
Template: Part-IN.ipt 
Part Number: IAA-009-01 
Project: TORSION SPRING 
Sketch plane: XY 
Save as: P5-12.ipt 
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Specific instructions: Create each of the coils as described below. Use the Autoproject 
edges for sketch creation and edit tool to create the sketches for Coil2 through Coil6. 
Use the Y axis and a right-hand coil for all six coils, and refer to the parameters 
shown in the table. The tinal problem should look like the part shown. 
Coill: Create the sketch profile shown on the next page on the XY plane. Coil the 
sketch in a positive direction. 
Coil2: Create a sketch of the bottom coil face. Coil the sketch in a negative 
direction. 
Coil3: Create a sketch of the top coil face of Coil. Coil the sketch in a positive 
direction. 
Coil4: Create a sketch of the top coil face of Coil3. Coil the sketch in a positive 
direction. 
Coil5: Create a sketch of the top coil face of Coil4. Coil the sketch in a positive 
direction. 
Coil6: Create a sketch of the top coil face of Coil5. Coil the sketch in a positive 
direction. 


mw [o Jæ fe o e o 


Flat, 90° Natural | Flat,90° | Natural | Flat, 0° 

transition transition transition 
angle, 0° angle, 0° angle, 45° 
flat angle flat angle flat angle 


Horizontal Coil4 


f 


LS Projected 


center point 


pa 


w 
on 
& 

#0 
Q. 
9 

= 

Uv 
a 
E 

= 

r- 
© 
i 

a. 


170 Inventor and Its Applications 2010 


CHAPTER 


Learning Objectives 


After completing this chapter, you will be able to do the following: 

Y Use display and navigation tools to position models on-screen. 
Y Adjust display options and characteristics. 

Y Choose color, material, and lighting styles. 

Y Use basic model inspection tools. 


View, display, and navigation tools are critical to the entire design and documen- 
tation process. This chapter focuses on the tools and options needed to orient and view 
a model in 3D space. You will use many of the same view tools to create sketches and 
prepare 2D drawings. This chapter also explains model color, material, and lighting 
styles, and describes basic tools for inspecting model geometry. 


View tools allow you to navigate the 3D model environment and observe detailed 
objects in 2D environments. Understanding how to use view tools to control the 
appearance of items on-screen is critical, especially after you create model features. 
Most common modeling tasks require that you rotate, zoom, and pan to orient a model 
and display design characteristics. 

View tools do not change the physical location, size, or shape of objects. Some 
view tools adjust the display according to screen space, while other tools recognize 
model space. The View ribbon tab supplies most view tools. However, the Navigation 
Bar, shortcut menus, and keyboard shortcuts often provide a much faster method of 
accessing common view tools. 


Navigation Bar 

The Navigation Bar is a view toolbar positioned near the upper-right corner of the 
graphics window by default. See Figure 6-1. The Navigation Bar is available in all file 
types and includes tool buttons for accessing common view tools associated with the 
current file type. 


Ribbon 


User Interface 


_ screen space: 


A space, or 
environment, in 


_ which the graphics 


window controls 
model display; the 
center is the center 


_ of the graphics 
~ window. 


| model space: 


A space, or 


|- environment, in which 


the model defines the 


_ display orientation, 


regardless of the 


_ position of the model 


in the graphics 


< window; the model 
pivot point defines 
- the center. 


> Navigation Bar 
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Figure 6-1. 


Use the Navigation © Pick to close 
Bar to access x 

common view tools. H 

Pick a tool button or Pyu c 


select an option from 
a flyout to initiate the 
corresponding tool. 


eo Pick to access 
~ the menu of basic 
adjustments 
shown 


Check a tool 
to add to the 
navigation bar 


Navagation bar 
display options 


To add tools to the Navigation Bar, pick the Customize flyout shown in Figure 6-1 and 

select a tool from the menu. The flyout also includes basic adjustment options. Select 

a docking position from the lower portion of the Docking positions cascading menu to 

Navigation Ba specify the location of the Navigation Bar in the graphics window. The checked Linked 

i pra to ViewCube option means that the ViewCube, shown above the Navigation Bar by 

| default, always appears near the Navigation Bar. The lower the selected Active opacity 

or Inactive opacity percentage, the more transparent the Navigation Bar appears when 
it is active and when it is not active (when the cursor is not hovering over the bar). 

A tool or option accessible from the Navigation Bar appears as a graphic in the 
margin of this textbook. The graphic represents the process of picking a Navigation 
Bar button or an option from a flyout. The example shown in this margin illustrates 
accessing the Pan tool from the Navigation Bar. 


Zooming and Panning 


Several zoom tools allow you to increase or decrease the displayed size of objects 
i in the graphics window. Access the ZOOM tool to change the display size using realtime 
i realtime zooming: 700ming. Press and hold the left mouse button and move the cursor away from the 


Zooming that you 


ee model to zoom in or toward the model to zoom out. When you achieve the correct 
performed. 


display, release the mouse button. Press [Esc], pick in the graphics window, right-click 
and pick Done, or access another tool to exit. 


You can reverse the realtime zoom direction by picking the Reverse 
Direction check box in the 3D Navigation area on the Display tab in 
the Application Options dialog box. 


By default, roll a mouse wheel forward (away from you) to zoom out, 
and roll the wheel backward (toward you) to zoom in. This function 
also pans to the location of the cursor during zoom operations. 


O oo a aM 
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Access the Zoom Window tool to create a window around the area to zoom. Pick 
a start point and then pick a diagonal point. The actual size of the window box corre- | 
sponds to the height and width ratio of the graphics window. See Figure 6-2. Use the 
Zoom Selected tool to zoom to a selected curve or face as shown in Figure 6-3. If you 
pick a point, the display pans to position the selected point in the center of the graphics 
window. Use the Zoom All tool to view all objects in the graphics window. 

Access the Pan tool to pan the display in the graphics window. Click and hold | 
while moving the Pan icon. To use the [F2] key to pan, press and hold the key while | 
moving the mouse. You can also pan by pressing and holding the wheel of a wheel | 
mouse or by pressing arrow keys. 


Navigation Bar 


i 
} 


Bapecccgrrmminseni A 


Zoom Window 
Ribbon 


View wl 
> Navigate — 
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Zoom Window 


Exercise 6-1 PA i 
Access the Student Web site (www.g-wlearning.com/CAD) and Poren E 
complete Exercise 6-1. Ribbon 


View. — neg 
_ > Navigate ` ` 


iene 
Figure 6-2. ka 
Pick two points or drag to create a window around the area to zoom. 


| pa Pick first 


4 


Pick second 


Zoomed view fills the 
graphics window 


Figure 6-3. 
After picking Zoom Selected, pick an object to zoom. 


Pick object Zoomed view fills graphics window 
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Navigation Bar Orbiting 


Re Use the Orbit tool to view a model from any angle. The Orbit tool is set to Free 
penn Orbit mode by default. A Constrained Orbit mode is also available. Both modes func- 
tion essentially the same and use the same on-screen symbols. See Figure 6-4. The 

a difference between the two modes is how Inventor interprets the center of the orbit, 
| =~ | or pivot point, and how you look at the model. The Free Orbit mode considers screen 
C+ space, while the Constrained mode recognizes model space. If you think of a model as 
Freeoit | an actual product, orbiting in Free Orbit mode appears as if the product is orbiting in 


front of you, while you remain stationary. Orbiting in Constrained mode appears as if 
you are moving around the product to view different angles, while the object remains 
stationary. 
re Figure 6-4 shows the behavior of the Orbit tool. Hold down the left mouse button 
iC) and drag the orbit icon to orbit freely. To orbit around the vertical axis line, drag one of 
consifzinedorn | the horizontal lines left or right. To orbit around the horizontal axis line, drag one of 
| the vertical lines up or down. To orbit around the horizontal axis point, drag near an 
outside quadrant. You can also use the Orbit tool to pan the display. Instead of holding 
down the left mouse button to drag, pick a point to pan the display away from the 
selection. Press [Esc], pick outside the rotation area, right-click and pick Done, or access 
Constrained Orbit | another tool to exit. 
- pivot point: The 
point that acts as the 
= center point when 
you are viewing and 


rotating model space 
objects. 


Navigation Bar 


Define the default orbit mode by picking the Free or Constrained 
radio button in the 3D Navigation area on the Display tab of the 
Application Options dialog box. 


Figure 6-4. 
The position of the cursor determines the method of rotation when you use the Orbit tool. 
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You can use other view tools while continuously orbiting. 


Exercise 6-2 


complete Exercise 6-2. 


ViewCube 


The ViewCube appears in the upper-left corner of the graphics window, above the 
Navigation Bar, in all model work environments by default. See Figure 6-5. The View- 
Cube allows you to view a model precisely using a labeled cube. Precise positions 
include orthographic, isometric, and a form of oblique view angles. 

To use the ViewCube, pick a face, edge, corner, or arrow on or around the cube to 
adjust the display. The cube and the model rotate together. If you pick a model object 
such as a point, edge, or face before selecting a location on the ViewCube, the view 


To rotate the model in a continuous display, access the Orbit tool, 
hold down the [Shift] key, and pick a location to begin the orbit. 
Then move the cursor, release the mouse button, and then release 
the [Shift] key. The model continues to orbit. The faster you move the 
cursor and release the mouse button, the faster the continuous orbit. 


Access the Student Web site (www.g-wlearning.com/CAD) and p 


zooms in on the object in addition to displaying the selected cube orientation. 


Figure 6-5. 


The ViewCube is an excellent tool for adjusting the displayed rotation of a model to a precise 
view position, including orthographic, isometric, and oblique views. You can also orbit using 


the ViewCube. 


Pick to display the Pick any corner to 
default, or home, view: display the corresponding 
i isometric view 


Pick to 
access options 
for adjusting 
the ViewCube 


Isometric View 


Pick any edge to display the 
corresponding oblique view 


Oblique View 
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Pick one of 


the corresponding 
orthographic view 


Orthographic View 


Orbiting 


the arrows to display 


Drag any corner, edge, 


Pick to rotate 
the display 90° 


v s Y 
id 


ons 
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Pick any face 
to display the 
corresponding 


orthographic view 


or face to orbit 


mot 


_ orthographic 


view: A 2D view, or 


- projection, in which 


the line of sight is 


_ perpendicular to a 


surface, such as the 
front of an object or 


- the XY plane. 


| isometric view: A 
_ 3D view in which all 
_ three axes appear at 


equal (120°) angles 
with the plane of 


- projection. 


> oblique view: A 3D 
_ view in which the 
- plane of projection 


is parallel to the 


_ front surface, and 


a receding angle is 


~ applied. 
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= To look at an isometric view, pick a cube corner. The isometric view in Figure 6-5 
is the default XY isometric orientation. Use the Home View tool to return the display 


Type to the default isometric view. To look at an orthographic view, pick a cube face. The 
orthographic view in Figure 6-5 is the FRONT orientation. While displaying an ortho- 
graphic view, pick the arrows around the cube to view a different orthographic view, 
or select the clockwise or counterclockwise arrow to rotate the display 90°. You can 
also pick a corner or edge to rotate to an isometric or oblique view. To display a view 
best described as an oblique view with a 0° receding angle, pick a cube edge. 


Consider the orientation of the model and the plane on which you sketch 
the base feature to ensure that the ViewCube faces correspond with the 
appropriate orthographic views of the model. For example, by default, 
the FRONT face matches the XY plane. If you sketch on the XY plane 
and then extrude the sketch in a positive direction, the sketch plane is 
the BACK, or rear, face and the new extrusion face is the FRONT face. 


You can also orbit using the ViewCube. Hold down the left mouse button on a 
cube corner, edge, or face, and drag the orbit icon to orbit freely. The display snaps to 
isometric, orthographic, and oblique views as you orbit. Right-click on the ViewCube 
or select the Context Menu flyout to display a menu of ViewCube settings and options. 
Figure 6-6 describes ViewCube options. 


The ViewCube is customizable using the ViewCube Options dialog 
box. Use the ViewCube shortcut menu or select ViewCube... on the 
Display tab of the Application Options dialog box to display the 
ViewCube Options dialog box. 


Figure 6-6. 
Options available when you right-click on the ViewCube or select the Context Menu flyout. 


Fixed Distance option sets the current view, l 
| including zoom level, as the new home view. Fitto | 
View sets the current rotation as the new home view 

and zooms the display to fit the graphics window. 


| Redefines the current view as the front view. p: 
Reset Front 3 | Returns the front view to the original display. sd 
Options... , 
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Displays the ViewCube Options dialog box. . 


Using the View Face Tool 


Use the View Face tool to rotate the display to a more convenient view. Select a face 
or plane to move the face or plane perpendicular to your line of sight. Select a line or oe 


edge to display the line or edge horizontal on-screen. See Figure 6-7. Ribbon- 
Soha 


Th j ; 
i 4 


_View Face 


Navigation Bar 


coc 
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The Previous View and Next View tools are general view tools. The 
Previous View tool returns the view to the previous display, and 
the Next View tool advances to the display shown before you used the 
Previous View tool. 


Ribbon 


Previous View | 


Exercise 6-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 6-3. 


SteeringWheels 


SteeringWheels provide unique navigation tools and an alternative means of | _ Next View 
using some view tools. Individual SteeringWheels are known as navigation wheels. The [ald 
Full Navigation Wheel, shown in Figure 6-8, appears by default in modeling environ- 
ments, and the 2D Navigation Wheel is available in drawing files. —— [Shift}+[F5] | 


SteeringWheels: 

Circular navigation 
= tools that allow you 
to navigate around a 
- model. 


Figure 6-7. 

Use the View Face 
tool to rotate the 
view based ona 
selected plane, line, 
or edge. 


Pick a plane or face... ..and the model 
rotates so that the face 
is perpendicular to 
your line of sight 


„and the model rotates so that 
the line or edge is horizontal 


L p N Pick a line or 
| | edge... 
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Figure 6-8. 
The Full Navigation 
Wheel provides 


Active wedge 
_—_— Pick to 


j close 
access to many a. | 
navigation tools. “a | 
Wedges house each X i 
tool, similar to tool ~~ | 
buttons. wy 3 
PAN Aea Pick to 
— display options 
| wedges: The parts Navigation wheels are displayed next to the cursor. Wedges divide a navigation 


_ of a navigation r ; r aR: 
wheelthatcontain Wheel and provide access to navigation tools, similar to tool buttons. Hover over a 


navigation toos. Wedge to highlight it. You can pick some wedges to activate a tool directly. Others 
require that you hold down the left mouse button to use the tool. A navigation wheel 
remains on-screen until closed, allowing you to use multiple navigation tools. To close 
a navigation wheel, pick the Close button in the upper-right corner of the wheel, press 
[Esc], or right-click and pick Close Wheel. 
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| Most navigation tools function in model space. As a result, the loca- 
tion you zoom from or to, or orbit about, references a location on the 
model, not the center of the graphics window. 


Zoom Navigation Tool 


The Zoom navigation tool offers realtime zooming. Press and hold the left mouse 
button on the ZOOM wedge to display the pivot point icon and zoom navigation cursor. 
See Figure 6-9. The pivot point is the location at which you press the ZOOM wedge. 
Move the cursor toward the model to zoom in and away from the model to zoom 
out. The pivot point icon also zooms in or out as a visual aid. When you achieve the 
appropriate display, release the left mouse button. 


Pan Navigation Tool 


The Pan navigation tool offers realtime panning. Press and hold the left mouse 
button on the PAN wedge to display the pan navigation cursor. Move the cursor to pan 
and release the mouse button when you achieve the desired display. 


Up/Down Navigation Tool 


The Up/Down navigation tool allows you to pan the display along an axis perpen- 
dicular to the TOP and BOTTOM faces of the ViewCube, as if you are moving up or down 
in elevation in the real world. Press and hold the left mouse button on the UP/DOWN wedge 
to display the Vertical Distance indicator. While still holding down the button, move 


Figure 6-9. 

To use the Zoom Pivot point is located at the 
navigation tool, point in the graphics 
move the cursor window where you press 
toward objects to and hold the Zoom wedge 


zoom in and away 
from objects to zoom 
out. 
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Figure 6-10. 

Use the Up/Down 
navigation tool to 
adjust the view 
elevation. 


im te, p 
y 


| ViewCube 


Drag up or down to 
increase or decrease 
the elevation 


BOTTOM face 


the cursor up or down to adjust the elevation. Release the button when you achieve the 
appropriate elevation. The link between the Up/Down tool and the ViewCube is most 
' evident when you rotate to a view that does not show the TOP and BOTTOM faces in a 
horizontal orientation, as shown in Figure 6-10. 


Center Navigation Tool 


Use the Center navigation tool to pan the display from a selected point to the 
center of the graphics window. Press and hold the left mouse button on the CENTER 
wedge. The pivot point icon appears when you move the cursor over an object and 
snaps to points and edges. Release the mouse button to relocate the pivot point to the 
center of the graphics window. See Figure 6-11. 


The Center navigation tool also defines the pivot point used in the 
Constrained mode of the Orbit tool. 


Orbit Navigation Tool 


The Orbit navigation tool offers constrained orbit at the pivot point. Press and hold 
the left mouse button on the ORBIT wedge to display the pivot point icon and orbit 
navigation cursor. Move the cursor to orbit about the pivot point. To change the pivot 
point, while still holding the left mouse button on the ORBIT wedge, press [Ctrl] at the 
new pivot point. 


Rewind Navigation Tool 


The Rewind navigation tool allows you to observe the effects view tools have had 
on the drawing display, and return to a previous display. For example, if you use the 
navigation wheel to zoom in, then pan, then zoom out, you can rewind through each 
action and return to the original display, the zoomed-in view, the panned display, 
and then back to the current zoomed-out view. By default, you can rewind through 
view actions created using most view tools, not just those accessed from a navigation 
wheel. 


Figure 6-11. Pivot icon appears only 
To use the Center when you move the cursor 
navigation tool, over an object 


move the cursor 

over an object at the — AD- 
point to center in the This point will pan to 
graphics window the exact center of the 
anGucalaace ihale graphics window reper 


mouse button. 
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Figure 6-12. 
Use the Rewind navigation tool to restore previous display configurations. 


Orange frame indicates Move the brackets left and 


the current display e to - in real time 


Framed thumbnail 
view images 


Pick the REWIND wedge once to return to the previous display. Thumbnail 
images appear in frames as the previous view restores. The orange-framed thumbnail 
surrounded by brackets indicates the restored display and its location in the sequence 
of events. See Figure 6-12. Pick the REWIND wedge repeatedly to cycle back through 
prior views. Another option is to press and hold the left mouse button on the REWIND 
wedge to display the framed view thumbnails. Then, while still holding the left mouse 
button, move the brackets left over the thumbnails to cycle through earlier views, or 
move the brackets right to return to later views. Release the mouse button when you 
achieve the desired display. 


The Look, Walk, and Forward navigation tools use the Perspective 
projection, described later in this chapter. 


Navigation Wheel Options 


A shortcut menu of options appears when you right-click on a navigation wheel or 
when you pick the flyout in the lower-right corner of a navigation wheel. The options 
vary depending on the current work environment. The first six options allow you 
to activate an alternative navigation wheel, as described in Figure 6-13A. The other 


| options, which control general steering wheel characteristics or activate other tools, 


are described in Figure 6-13B. 


Exercise 6-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Fxercise 6-4. 


| Shading 


Display, or shading, options allow you to view a model in a shaded, hidden-edge 


| shaded, or wireframe format. See Figure 6-14. The Shaded mode is active by default 


and displays models in a shaded format. The Shaded mode looks realistic and allows 
you to observe a model as if it were an actual product. Activate the Hidden Edge mode to 
present models in a shaded format, but include hidden feature edges. Select the Wireframe 
mode to display models in a wireframe representation. A wireframe display removes 
all colors and lighting and allows you to view only feature edges. This can be helpful 
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Figure 6-13. 
A—Available navigation wheels. B—Options for controlling navigation wheels. 


Mini View Object Wheel Zoom, Rewind, Pan, and Orbit tools in 
— mini format. 


| Mini Tour Building Wheel Walk, Rewind, Up/Down, and Look tools 
in mini format. 


Mini Full Navigation Wheel Walk, Rewind, Pan, Orbit, Walk, Up/Down, 
Look, and Center tools in mini format. — 


Full Navigation Wheel Full navigation wheel tools in . — 
standard format. | 


Basic View Object Wheel Center, Zoom, Rewind, and Orbit tools in E 3 
i | standard format. _ 


Basic Tour Building Wheel | Forward, Look, Rewind, and Up/Down 
i tools in standard format. ae; 


>» Displays the ho 
| FittoWindow =~ ~~~ | Activates the Zoom All tool. 


estore Original Center |. | Returns the pivot point to its original location. | 


Displays the SteeringWheel Settings dialog box, — 
which is used to adjust steering wheel 
| settings and to customize navigation wheels. 


Closes the navigation wheel. 


Figure 6-14. 
Adjust the model display as needed to view shaded surfaces or hidden edges, or to remove 
surfaces to analyze edges in a wireframe display. 
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wireframe model: A when you are working with complex features. The wireframe display format does not 
model that contains 


only information convert the model to a wireframe model. 
~ about model edges 
< and the intersection 


oe Projection 
l A rortening: The projection setting determines whether projection foreshortening applies to 
distortion usedta the model display. See Figure 6-15. The Orthographic mode, which is active by default, 


give the illusion that displays models without projection foreshortening. Features appear in a format that 
objects further awa 5 s 5 6 J 
E shone. no? shows their true size and shape, allowing you to observe the actual dimensions of 


to be confused with geometry. 

the foreshortening A r f : 5 

that occurs with Set Perspective mode to apply projection foreshortening. The Perspective mode 
orthographic 


Bk rciection, displays the model closer to how the human eye would see a real object. While 
ye observing an object in Perspective view, use the view tools to apply a fly-through or 
View walk-through effect. When you change the position of the object using view tools, the 


>mpe* | view depth and distortion also changes to reflect the new position. 


4 
l 
t 


Orthographic 


VETA EEE ENOI E V AA POI ONL AREA DO DOP LIED EA EE, 


Ribbon 


View 
> Appearance 
a 


Shading and projection options can also be displayed in the naviga- 
tion bar. To display them, pick the arrow at the bottom of the naviga- 
tion bar to display the options, and select Projection and Shading. 


t 


Perspective 


| fly-through: A 
viewing process 

» that shows how a 
product would look if 


: plemental Perspective View Navigation Tools 
a TA A vV aterial Forinformation about navigation tools that are best used or only 
tice ae : available in the Perspective view mode, go to the Student Web 
site (www.g-wlearning.com/CAD), select this chapter, and select 
walk-through: A 


| viewing process Perspective View Navigation Tools. 
that shows how a 
product would look 
if you could walk 
in and around the 
actual product you 


are modeling. Ground Shadow 


r Add ground shadow to the display to make a model look as if it is floating above 


> Appearance the ground. The default No Shadow mode does not project a shadow. Select the Ground 
@ Shadow mode to project a shadow of the entire model. Choose the X-Ray Shadow mode 
] to display a ground shadow similar to the Ground Shadow option, but with the addi- 


tion of model edges. Figure 6-16 shows each shadow option. 


No Shadow 


> Appearance 


Figure 6-15. 

Select a projection 
mode appropriate 
for your design 
requirements. For 
typical modeling, 
Orthographic mode 


i S si ak 
` Ground Shadow 


> Appearance 


© is best to study the 
=: true size and shape 
Sees) Of model geometry. 


Pome ~oienoaannt my 


: f r ] 
oy Orthographic Ti Perspactive 
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Figure 6-16. 
Add a shadow to create the effect of ground under the model and to help visualize and 
interpret a design. 


Beis 


The Display tab of the Application Options dialog box provides | 
options for adjusting wireframe and shaded display characteristics, 
as well as other model appearance settings. 


Exercise 6-5 = 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 6-5. 


Additional View Tools 


Inventor includes many other view tools, many of them specific to file type or REN 
work environment. You will learn about some of these tools when applicable. Other 
tools, including those that allow you to display a file in multiple windows, clean the | 
screen, or hide content are helpful mainly when working with large, complex models | 
or drawings. 

To display the active document in an additional window, pick the New window 
button from the Windows panel of the View ribbon tab. An additional window can be 
helpful by allowing you to display specific views in different windows. You can switch 
between windows as needed to work on the model. 

The Inventor window can become crowded in the course of a design session. As 
the graphics window gets smaller, less of the model or drawing is visible. This can 
make drafting difficult. The Clean Screen tool toggles the clean screen display on and 
off. Cleaning the screen maximizes the size of the graphics window by clearing items 
such as the browser and displaying the ribbon as tabs only. 


The Clean Screen tool can be helpful when you have multiple docu- | 
ments open. Only the active document appears when you use the | 
Clean Screen tool. This allows you to work more efficiently within | 
one of the files. 
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controls the visibility of sketches and categories of work features. These 
selections are useful for managing a cluttered graphics window. 


Styles in the model work environment specify color, lighting, and material char- 
acteristics. For example, if you build a model of a stainless steel part, you can use a 
stainless steel color, a specific lighting configuration, and a stainless steel material. 
Numerous default styles are available that you can assign to a model. If you cannot 
find an existing style appropriate for your application, you can create your own style. 


Material Style 


Inventor provides a large number of material styles, ranging from lead to ultra- 
high molecular weight polyethylene. Assign a material style to a model to create a 
virtual representation of the real product material. Material styles include properties 
that influence the physical and inertial characteristics of the model. Each material style 
also references a color style for correct model appearance. Additionally, material is 
a model property that you can reference throughout the design and documentation 
process in items such as a parts list, bill of materials, or drawing title block. 
Ribbon Select a material from the Material drop-down list on the Physical tab of the 
Oe ance iProperties dialog box, or from the Material drop-down list on the Standard tab of the 
T an Document Settings dialog box. You can also assign a material from the Style and 
i Standard Editor. Expand the Material node and double-click on a material to activate. 
Pick a specific material to display material settings. Figure 6-17 shows methods of 
activating a material style. This example uses a Steel, High Strength Low Alloy material 
that references a Metal-Steel(Polish) default color style. 


% 


Styles Editor 


Color Style 


By default, a material style references a color style to display a model using a 

color appropriate for the specified material. For example, the Gold material references 

a Metal-Gold color to make the model appear as if it is made of gold. Color selection 

varies depending on the model and the design requirements. Use the Default material 

and color throughout the design process if the exact material is not important and a 

grey color is acceptable. A more common option is to assign a material to the part and 

| override: Makea — allow the material to specify the color, as previously described. You can also override 


temporary change A 3 ae 2 
to the current style the material color to simulate painting or color added to the material. 


ina To override the model color, select a color from the Color Override flyout. You can 
pe also specify a color override from the Style and Standard Editor. Expand the Color node 
and double-click on a color to activate. Pick a specific color to display color settings. 
Figure 6-18 shows methods of activating a color style. This example uses a Chrome 
color override to represent a chrome finish, or appearance. Many different colors are 


available, including some with texture options. 
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Figure 6-17. 


A—Use the iProperties dialog box to specify model properties referenced throughout design 
and documentation, including the material. B—You can also use the Document Settings 
dialog box to activate a material style. C—The Style and Standard Editor allows you to 
activate and manage styles. 


Select a 
material 
from the list 


Model physical 
properties with 
the selected 
material applied 


Select a material 
from the list 


Double-click 
to activate; 
active material 


is bold 
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Figure 6-18. 

A—The Color Override flyout is available from the Quick Access toolbar or Appearance panel 
of the View ribbon tab, and is the fastest way to apply a unique color to the model. B—The Style 
and Standard Editor allows you to activate and manage color styles. 


Color Override 
drop-down list 


Style and Standard Editor [Library - Read Only] 


-+= Carpet_Pat10 

i Carpet Pati 1 

1 : M Carpet_Pat12 
] ~ Carpet _Pat13 


| | CleanRoom Floor 
» Coffee (Flat) 
r Copper 
i ` -Copper (New/Polished) 
| k Copper (OldjPolished) 
| Copy of Aluminum (Cast) 


d : Cork (texture) 
J i 


{G+ (Pf extrusion2 Diamond Plate 


The project Use Style Library option must be set to Yes or Read Only 
in order to display styles in the style library. You may also need to 
pick All Styles from the Filter drop-down list in the Style and Stan- 
dard Editor to display styles in the style library. 


You can specify a specific material style for a part, but use a different 
color in order to distinguish parts in an assembly, or to simulate 
painting or color treatment. However, to use the color referenced 
by the selected material, be sure to use the As Material color option, 
which does not override the material color. 


Lighting Style 

Lighting style defines various lighting characteristics applied to the model for 
appearance purposes. Select a lighting style from the Active Lighting Style drop-down 
list of the Document Settings dialog box. You can also activate a lighting style in the 
Style and Standard Editor. Expand the Lighting node and double-click on the style to 
activate it. Pick a specific lighting style to display lighting settings. Figure 6-19 shows 
methods of activating a lighting style. This example uses the Two Lights lighting style. 


Creating and Saving Model Styles 

For information about developing color, material, and lighting 
styles, go to the Student Web site (www.g-wlearning.com/CAD), 
select this chapter, and select Creating and Saving Model Styles. 
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Figure 6-19. 
A—The Document Settings dialog box provides a convenient way to activate a lighting style. 
B—The Style and Standard Editor allows you to activate and manage lighting styles. 
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Inventor provides a number of tools for viewing and analyzing model character- 
istics and properties. This chapter focuses on basic tools and options used to view and 
measure a model. Use measurement tools frequently throughout the design process to 
inspect model geometry and assist in the design process. Many other, more advanced 
model analysis tools are also available. 


Physical Properties 


Use the Physical tab of the iProperties dialog box to assign a material to a model 
and view how the selected material affects the physical and inertial properties of the 
model. See Figure 6-20. Select an accuracy level from the Requested Accuracy list. If 
you make changes to the mass properties of the model, such as adding or removing 
material, you must update the physical properties to display the correct calculations. 
Pick the Update button to update the physical properties. Pick the Clipboard button to 
copy the properties for pasting into a document or spreadsheet file. 


You can also update mass properties by selecting the Update Mass 
button of the Update panel in the Manage ribbon tab. 


Chapter 6 View Tools and Design Properties 


187 


| 


center of gravity: 
The center of mode! 


Figure 6-20. 
Use the Physical tab of the iProperties dialog box to assign a material to the model and view 
the effects of a specific material on the physical and inertial properties of the model. 
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Center of Gravity 
Use the Center of Gravity tool to toggle the display of the model’s center of gravity. See 


mass, where balance Figure 6-21. The center of gravity appears as the Center of Gravity triad, which includes 


occurs. 


Ribbon 


View 
> Visibility 
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Center of Gravity 
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points, axes, and planes. You can use the Center of Gravity tool when developing basic 
part models, but is often more useful for working in an assembly. In an assembly, the 


| Center of Gravity tool helps you analyze the center of gravity of a component in relation 


to the assembly and other components. Select the large point, or ball, to display the 


| coordinates of the center of gravity from the XYZ center point of 3D space. Select the 


small work point or work planes for reference purposes, such as for taking measure- 
ments. The axes and arrowheads appear for reference and help you to confirm the 
position of the model in 3D space. 


Figure 6-21. 


É Pick to display the Center of gravity 
Display the Center coordinates of the coordinates 
of Gravity triad center of gravity 
to identify the b 
model center of .00 in, 0.00 in, 0.25 in 
gravity and to take 


measurements from 
the center of gravity. 
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Taking Measurements 


Use the Measure Distance tool and dialog box to take distance measurements. See 
Figure 6-22A. You can pick most objects to measure, such as the length of an edge, 
diameter of a circle, or radius of an arc. You can also measure the distance between two 
objects, including points, curves, edges, faces, or planes. Note that when you measure 
from a point to a plane, the distance is measured perpendicular to the plane. Typically, 
the Measure Distance tool calculates the most direct distance. 

Use the Measure Angle tool and dialog box to identify the included angle between 
two objects, including the angle between a curve and a point. See Figure 6-22B. The 
Measure Loop tool measures the distance around, or perimeter of, a selected closed 
loop. See Figure 6-22C. Typically, use the Measure Area tool to measure the area of a 
surface. See Figure 6-22D. 


Figure 6-22. 
A—Using the Measure Distance tool to measure the length of an edge. B—Using the Measure 
Angle tool to measure an included angle between edges. C—Using the Measure Loop tool to 
measure the perimeter of a loop. D—Using the Measure Area tool to measure the area of a surface. 
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Each measurement dialog box includes a flyout with options for setting measure- 
ment preferences, selecting a different tool, and accumulating values. Before taking 
a measurement, select the appropriate precision from the Precision cascading menu. 
The default precision is the precision assigned to document units. This can sometimes 
be misleading. Pick a higher precision or select the All Decimals option to return the 
most accurate value. To display the value using the document units as well as alternate 
units, select an option other than None from the Dual Unit cascading menu. 

Once you take a measurement, pick the Restart option to take a fresh measure- 
ment. The Measure Distance, Measure Angle, Measure Loop, and Measure Area options 
activate the appropriate tools. Use the Add to Accumulate, Clear Accumulate, and Display 
Accumulate options to add, or accumulate, multiple distances or angles. 


A flyout with options for selecting entire components, parts, or part 
features may appear while you are taking measurements, allowing 
you to define the items you select while working on an assembly. 


Use the Rebuild All tool to ensure that all model geometry is calcu- 
lated and accounted for, especially when you are working with 
large, complex models. 


Exercise 6-6 


Access the Student Web site (www.g-wlearning.com/CAD) and > 
complete Exercise 6-6. 
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Chapter Test 


& or go to the Student Web site (www.g-wlearning.com/CAD/InventorApps2010), 
select the correct chapter from the Chapter Materials drop-down list, and complete 
the electronic chapter test. 


1. Describe the changes view tools make to the physical location, size, and shape of 
objects. 
2. What is the difference between screen space and model space as related to using 
view tools? 
3. What do zoom tools allow you to do? 
4. Name the default mode of the Orbit tool. 
5. What is the pivot point? 
6. What does the ViewCube allow you to do? 
7. Define orthographic view. 
8. Briefly describe an isometric view. 
9. What is an oblique view? 
10. Describe the basic function of the View Face tool. 
11. What is another name for individual SteeringWheels? 
12. What are wedges, and how do they function? 
13. In the Rewind tool, what does the orange-framed thumbnail surrounded by 
brackets indicate? 
14. Describe the characteristics of a model in the Shaded display mode. 
15. Which display option displays a model in a shaded format but includes hidden 
feature edges? 
16. Briefly describe the appearance of models in a wireframe format, and explain why 
this can be helpful. 
17. Describe the appearance of models in the Orthographic view mode. 
18. How are models displayed in the Perspective view mode? 
19. Define fly-through. 
20. Define walk-through. 
21. Briefly describe the purpose of model styles, and give an example of their use. 
22. Briefly describe the relationship between color styles and material styles. 
23. What effect does assigning a material style to a model have on the properties of the 
model? 
24. What is the center of gravity of a model? 
25. What tool allows you to measure the included angle between two objects? 
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Problems 
— e llr mri‘ 
1-10 Instructions: 


e Open the specified part file, and save the file using the given name. 
e In each file, activate the given material and color style. 
1. File: P4-5.ipt 
Save as: P6-1.ipt 
Title: SUPPORT BLOCK 
Material: Titanium 
Color: As Material 


2. File: P5-1.ipt 
Save as: P6-2.ipt 
Title: PIN 
Material: Steel, High Strength Low Alloy 
Color: As Material 
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3. File: P5-2.ipt 
Save as: P6-3.ipt 
Title: SWIVEL 


Material: Steel, High Strength Low Alloy 
Color: As Material 


4. File: P5-3.ipt 
Save as: P6-4.ipt 
Title: SCREW 
Material: Steel, High Strength Low Alloy 
Color: As Material 


5. File: P5-4.ipt 
Save as: P6-5.ipt -J 
Title: SUPPORT BRACKET 
Material: Aluminum-6061 
Color: Gold Metallic 
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6. File: P5-5.ipt 
Save as: P6-6.ipt 
Title: BODY 
Material: Steel, High Strength Low Alloy 
Color: Red 


7. File: P5-6.ipt 
Save as: P6-7.ipt 
Title: HEAD 
Material: ABS Plastic 
Color: Green 


8. File: P5-7.ipt 
Save as: P6-8.ipt 
Title: HANDLE 
Material: Stainless Steel 
Color: As Material 
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9. File: P5-8.ipt 
Save as: P6-9.ipt 
Title: STOP 
Material: Stainless Steel, 440C 
Color: As Material 


10. File: P5-9.ipt 
Save as: P6-10.ipt 
Title: FUNNEL 
Material: Acetal Resin, Black 
Color: As Material 


11-14 Instructions: Follow the specific instructions for each problem. 


11. Perform the following tasks: 


A. 


SS! 


aT Q 


Open Rim.ipt from the following folder: Autodesk/Inventor 2010/Samples/Models/ 
Parts/Rim. If the Exercises and Problems project is active, you should be able to 
locate this file quickly by picking the Samples folder in the Locations area of 
the Open dialog box. 

Save a copy of the Rim model as P6-11.ipt. 

In the P6-11.ipt file, use the iProperties dialog box to change the material to 
Cast Steel. 

Use the Color drop-down list on the Inventor Standard toolbar to change the 
color from Chrome to Yellow, and then to As Material. 

Access the Style and Standard Editor and activate the Aluminum-6061 material 
style. 

Pick the Aluminum-6061 material style if not already selected, and notice the 
Metal-AL-6061 (Flat) color style definition. 

Expand the Color node and notice that the active color style is Metal-AL-6061 
(Flat). 


. Activate the Black color style and notice the effect on the model. 


Return to the Aluminum-6061 style of the Materials node and notice that the 
material color is still Metal-AL-6061 (Flat). 


Resave P6-11.ipt. 
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y Intermediate 12. Create a freehand sketch of the standard Full Navigation Wheel. Label each of the 
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wedges and provide a brief description of each tool. 


13. Create a new part file using the Part-IN.ipt template from the New File dialog box. 
Perform the following tasks: 
A. 


Open a new sketch on the XY plane and sketch a 24” x 48” rectangle with the 
lower-left corner coincident to the projected center point. 


. Extrude the sketch .0375” in the positive direction. 
. Access the Style and Standard Editor and select Metal-Steel from the Color 


node. 


. Pick the New... button and change the name from Copy of Metal-Steel to 


Screen. 


. Pick the Choose button and select the Screen_3& texture style. 


Change the % Scale to 400%. 


. Save and close the Style and Standard Editor. 
. Change the color of the part to Screen. 


Save the part as P6-13.ipt. 


The final part should look like the screen shown. 


Paid uanood: 14. Open the blade_main.ipt sample part from the following path: Autodesk/Inventor 
5 2010/Samples/Model/Assemblies/Scissor/Components/blade_main.ipt. Rotate the model 
to an isometric view and draw a freehand sketch of the part. 
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CHAPTER 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
Y Add holes. 


V Create bends. 
V Develop ribs and webs. 


Add holes, bends, ribs, and webs to replicate specific manufacturing processes 
or part structures. You can also use these and other features in a more general way to 
develop the shape of a part model. As you learn to create holes, bends, ribs, and webs, 
consider how they can apply to unique design requirements. 


The Hole tool allows you to replicate a drill, cut, bore, core, or other hole opera- 
tion. You can also create a hole whenever a cut cylinder is required, similar to a cut 
extrusion. However, unlike the Extrude tool, the Hole tool provides many specific hole {| 


options, such as common hole characteristics and threading. Access the Hole tool to | 


create a hole feature using the Hole dialog box. See Figure 7-1. 


Hole Placement 


You can locate a hole using a sketch, existing feature edges, or a work point. Estab- 
lish how and where to place holes before defining them. Then select a placement option 
from the Placement drop-down list. 


Linear 


Select the Linear placement option to locate a single hole on a feature using linear 
distances and without creating a separate sketch. The Linear placement method is the 
default if an unconsumed sketch with selectable points is not present. The Face button 
is active by default, allowing you to choose the planar feature face on which to begin the 
hole. See Figure 7-2. 


Ribbon 
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Figure 7-1. 
The Hole dialog box with the Linear placement, Drilled, Angled drill point, and Simple Hole 
options selected. 
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Figure 7-2. 
Follow these steps to insert a hole using the Linear placement option. 


First selected 
edge Second linear 
dimension 


Hole preview First linear 
dimension Second selected 


edge 


Selected face 


1. Select a face to 2. Select an edge and 3. Select an edge and 
place the hole enter a distance for enter a distance for 
the first dimension the second dimension 


After you pick a face, the Reference 1 select button activates, allowing you to pick an 
edge to define the first dimension to the center of the hole. If the Edit dimension when 
created function is set, the Edit Dimension dialog box appears, and you can specify the 
distance. If the Edit dimension when created function is not set, double-click on the dimen- 
sion after you establish Reference 2, and modify the value. Once you define the first 
reference, the Reference 2 select button activates, allowing you to select another edge 
to define the second dimension to the center of the hole. Use the Edit Dimension dialog 
box to specify the value. The hole is now precisely located on the selected face. 


Ifnecessary, use the Reference 1 and Reference 2 flip buttons to reverse 
the side of the selected edges on which the dimension occurs. 
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From Sketch 


The From Sketch placement option requires that you create a sketch on a face or 
plane before you access the Hole tool. Sketch points created using the Point, Center Point 
tool and Center Point format are common for locating the center of holes. Constrain 
the points to locate holes precisely. You can also use other sketch points, such as the 
endpoint of a curve or the center point of a fillet, arc, or circle. See Figure 7-3. 

If the model includes an unconsumed sketch with an appropriate sketch point, 
the From Sketch option is active when you access the Hole tool. All points sketched 
using the Point, Center Point tool and Center Point format are selected automatically. To 
place holes at other available points, you must use the active Centers button to pick the 
points. When you place a hole using a sketch, the hole acts as a true sketched feature 
and consumes the sketch. Other options function more like placed features. 


To deselect points, pick the Centers button, hold down the [Ctrl] key, 
and choose the points to remove from the selection set. 


You can use a single sketch with multiple sketch points to create 
different types of holes from the same sketch. Create the first hole(s) 
as one hole type, and then right-click on the consumed sketch in the 
browser and select Share Sketch to share the sketch. Access the Hole 
tool and create additional holes with other characteristics, picking the 
Apply button after each hole. The dialog box remains open, allowing 
you to create a variety of holes quickly. 


Concentric 


Select the Concentric placement method to place a hole concentric to a cylindrical 
or conical feature without using a separate sketch. The Plane button activates, allowing 
you to choose the face on which to place the hole. The Concentric Reference select 
button then activates. Pick an appropriate cylindrical feature edge to locate the hole 
center concentric to the feature. See Figure 7-4. 


Figure 7-3. 
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_ drilled hole: 

The most basic 
hole type, with 

no counterbore, 
spotface, or 

` countersink where 
the hole begins. 


| counterbored 
hole: A drilled hole 
that has a larger- 

’ diameter, cylindrical 
opening at the top; 

_ typically used when 
_ a flush surface is 

- necessary, such as 
to hide a binding 

- screw head. 


© spotface: Similar 
to a counterbored 
hole, but shallower; 
typically applied 
when a flush surface 
is necessary, such 
as to hide a flat 
washer, and in 
casting applications. 


| countersunk 

hole: Similar to a 
counterbored hole, 

` but the recess is 
tapered, resulting in 
a conical shape that 
’ is often used to hide 
» ascrew head. 


threads: Spiral or 
helical grooves cut 

_ in or around the face 
of a cylindrical or 


© conical feature. 
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Figure 7-4. 

Inserting a hole using the Concentric hole placement option requires no location dimensions. 
Select the face on which the hole begins, followed by the concentric reference, such as the 
cylinder edge shown. 


1. Select a plane Hole 2. Pick the concentric 
or face preview reference 


| [ip] concentric Reference 
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On Point 


Choose the On Point option to position a hole at a work point. Chapter 11 describes 
work points, but in general, they allow you to create a reference point anywhere in 
space. The center point in the Origin folder of the browser is an example of a work point. 
When you access the On Point option, the Point button becomes selected, allowing you 
to choose a single existing work point or the center point from the browser. The Direction 
select button then activates, allowing you to select an object to define the direction of the 
hole axis. See Figure 7-5. 


Hole Characteristics 


The Hole tool allows you to add common hole characteristics to create a specific type 
of hole. See Figure 7-6. Pick the Drilled radio button to create a drilled hole. Select the 
Counterbore radio button to specify a counterbored hole. Choose the Spotface radio 
button to add a spotface at the top of the hole. Pick the Countersink radio button to specify a 
countersunk hole. Use the appropriate text boxes in the preview area to specify hole sizes. 


a he CE i a A TAE O ES EAE IILE Er ee eee EE es 


You can apply threads or fastener information to drilled, coun- 
terbored, spotface, and countersunk holes, but you cannot apply 
tapered threads to counterbored holes. 
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Hole 
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Any straight object, face, 
or plane can be used to 
define the direction 
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Figure 7-6. 
Use the Hole tool to create a variety of common holes. 
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Termination and Drill Point 


The Termination area allows you to control the depth of the hole. Use the Distance 
option to end a hole at the depth specified in the preview area. See Figure 7-7A. Select 
the Through All option to drill a hole through all features. See Figure 7-7B. Both options 
include a Flip button for reversing the direction of the hole if necessary. Use the To 
option to choose a face or plane to end the hole using the active Select surface to end 
the feature creation button. See Figure 7-8. If the face or plane you choose does not 
intersect the hole path, select the Terminate feature on extended face check box. 

The Drill Point area allows you to define the drill point characteristics for holes 
that do not run through all material. Pick the Flat radio button to create a flat, 0° drill 
point. To form an angled drill point, pick the Angle radio button and specify an angle 
using the text box. 


Holes with certain termination or tapped options include fewer 
preview area text boxes because termination and thread parame- 
ters control size dimensions. 


Figure 7-7. 
A—Use the Distance termination option to specify the depth of a hole. B—Use the Through 
All option to create a thru hole. 
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tap: Use a machine 
tool to form an 
interior thread. 


right-hand 
threads: Threads 
that move a right- 
hand threaded 
screw forwardina 
clockwise direction. 


left-hand threads: 
Threads that move 
a left-hand threaded 
screw forward ina 
counterclockwise 
direction. 
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Figure 7-8. 
Creating a hole using the To termination option (part sectioned for clarity). 


Hole begins 
at this face 


Hole ends 
at this face 


Threads 


The Simple Hole radio button, selected by default, allows you to create holes without 
threads or a specific fastener association. Pick the Tapped Hole radio button to tap or other- 
wise cut threads in holes using the options in the Threads area. See Figure 7-9. The Full 
Depth check box is selected by default and applies threads to the entire depth of the 
hole. To thread a portion of the hole, deselect the Full Depth check box and specify the 
thread depth using the corresponding text box in the preview area. 

The Thread Type drop-down list allows you to specify the thread standard used 
to create the threaded hole. Choose ANSI Unified Screw Threads for inch parts, ANSI 
Metric M Profile for metric parts, or one of a variety of other thread standards, including 
ISO, DIN, BSP, and JIS. Use the Direction area to form right-hand threads or left-hand 
threads by choosing the appropriate radio button. 


Figure 7-9. 
When you select the Tapped Hole radio button, the Threads area appears to provide thread 
options. 
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The Size drop-down list allows you to select the nominal size, which is usually the 
same as the major diameter of the threaded hole. Use the Designation drop-down list 
to choose the thread description, including pitch. For ANSI Unified Screw Threads, 
the specified number of threads per inch determines the pitch. For ANSI Metric M 
Profile threads, the specified pitch determines the number of threads. 


The Hole dialog box only provides designation options that corre- 
spond to the selected size. 


The Class drop-down list allows you to specify the thread class. For ANSI Unified 
Screw Threads, 3, 4, 5, 6, 7, 8, or 9 may be available depending on the selected size and 
designation. For ANSI Metric M Profile threads, 1, 2, or 3 may be available depending 
on the selected size and designation. For metric threads, 1 is a coarse tolerance, 2 is a 
moderate tolerance, and 3 is a fine thread tolerance. For holes, the letter B follows the 
class to indicate internal threads. 

Use the Diameter drop-down list or display box to indicate the diameter of the 
nominal size as Minor, Pitch, Major, or Tap Drill. The value references the setting in the 
Tapped Hole Diameter drop-down list in the Modeling tab of the Document Settings 
dialog box. Although the major diameter typically defines the nominal size of a hole, 
you must select the Minor option from the Tapped Hole Diameter drop-down list in 
order for threads to function correctly in a drawing. 


Tapered Tapped Hole 


Pick the Tapered Tapped Hole radio button to create tapered threads using options 
in the Threads area. Select a thread standard, such as NPT (National Pipe Thread), 
from the Thread Type drop-down list. Then choose the nominal hole size from the Size 
drop-down list. Use the Direction area to specify thread direction. The Designation 
drop-down list functions as a display box. All other options are unavailable because 
the selected standard and size control thread parameters. 


When you apply threads to a hole, a bitmap thread image appears 
on the hole walls. This representation is adequate for most applica- 
tions. Use the Coil tool to create actual detailed threads. 


Clearance Hole 


Pick the Clearance Hole radio button to size the hole according to a specific fastener 
using options in the Fastener area. See Figure 7-10. Choose a standard, such as ANSI 
Unified Screw Threads or ANSI Metric M Profile, from the Standard drop-down list. Then 
use the Fastener drop-down list to pick a fastener based on the selected standard. The 
Size drop-down list contains multiple fastener size options based on the fastener. Use 
the Fit drop-down list to select a Close, Normal, or Loose fit, depending on the applica- 
tion. Pick the OK button to create the hole feature. 


Exercise 7-1 


Access the Student Web site (www.g-wlearning.com/CAD) and mens 
complete Exercise 7-1. 
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nominal size: The 
designated size of a 
commercial product. 


pitch: The distance 
parallel to the axis 
from a point on 

one thread to the 
corresponding point 
on the next thread. 


_ thread class: 


The designated 
amount, or grade, of 
tolerance specified 
for the thread, 


= ranging from fine to 


coarse threads. 


- tapered threads: 


Threads often used 
for pipe fittings 


_ when a liquid or 
- airtight seal is 
= required. 
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Figure 7-10. 


When you select the Clearance Hole radio button, the Fasteners area appears to provide 
thread options associated with a fastener. 
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The Bend Part tool allows you to replicate the process of using a press or break to 
bend a part. See Figure 7-11A. You can also create a bend to add general curvature to a 
part, such as the curve applied to the handle shown in Figure 7-11B. To create a bend, 
you must first sketch a line to define where the bend occurs. Most often, the sketch is 
a single line, as shown in Figure 7-11, or a projected edge. 

Access the Bend Part tool to create a bend using the Bend Part dialog box. See 
Figure 7-12. The Bend Line select button is initially active, allowing you to pick the 
sketched bend line. Then pick a bend option from the drop-down list based on known 
information. Specify values using the appropriate text boxes. Figure 7-13 shows exam- 
ples of each option. 

By default, the bend occurs to the left of the bend line. Pick the Bend right button 
to bend the part to the right of the bend line. Another option is to pick the Bend both 
button to divide the bend equally on both sides of the bend line. Pick the Flip bend 
direction button if the part appears to be bending in the wrong direction. In some 
cases, you may need to pick the More button to access the Bend Minimum check box. 


Inventor checks 


the box by default, allowing only those features on the bend line to 


bend in situations when the bend line could project onto other features. Deselect the 
check box to bend all features. See Figure 7-14. 

Pick the OK button to create a single bend. If you prepared additional separate 
sketches to create other bends, pick the Apply button and continue producing part 
bends as needed. Pick the OK button to exit the tool. 


| A bend line sketch can be open and unconstrained, and it does not 


have to extend across the entire length of the part to be bent. However, 
use constraints to ensure design intent and to create an accurate bend. 
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Figure 7-11. 


A—An example of a tool bent to replicate the process of using a press. B—An example of a 
handle bent to create curvature, in this case adding ergonomic characteristics. 


Bend part sketch 
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D soe” 


Initial Part Bent Part 


Figure 7-12. 
Use the Bend Part dialog box to define the bend location and parameters. 
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Figure 7-13. 
Examples of selecting and entering bend specifications. Choose the bend option based on the 
information you know. 
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Figure 7-14. 
Use the Bend Minimum check box to control how the bend reacts when other features could 
be bent by the bend line projection. 


Sketched — N Sketched 
bend line g“ l bend line 


Material 


unaffected 
onto other features 


Bend Minimum Checked Bend Minimum Unchecked 


Inventor and Its Applications 2010 


Exercise 7-2 === 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 7-2. 


Ribs and webs are similar features that you can create from the same sketch 
geometry. The ribs and webs shown in Figure 7-15 constitute a network of ribs or 
webs. A rib or web sketch is most often an open loop and may only include a single 
line or arc. The feature defines all other parameters. You can form a rib or web from an 
unconstrained sketch, as shown in Figure 7-16A, but as with other sketches, you should 
add constraints for definition and stability, as shown in Figure 7-16B. When creating a 
rib or web network, sketch all profiles on the same sketch plane. 


To avoid complications, only the lines that will form ribs and webs 
should use the sketch geometry format. Convert all other sketch 
geometry to the construction format. 


Figure 7-15. 
An example of ribs and webs created from the same sketch. 
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_ rib: A closed 


section of material 
usually added to 


- reinforce a part 
_ without adding 


excessive material 
or weight. 


_ web: An open 
- section of material 


usually added to 
reinforce a part 
without adding 
excessive material 


or weight. 


network: Several 


: ribs or webs 
- created using the 
_ same direction and 


thickness. 
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Figure 7-16. 

A—An example of an open-loop, unconstrained sketch used to create ribs and webs. B—An 
example of a constrained sketch, referencing existing geometry, used to create ribs and webs. 
The sketch plane is visible for reference. 


A B construction 
geometry 


Create a rib or web network using a single sketch, as shown in 
Figure 7-15, or using a feature pattern. 


Ribbon Access the Rib tool to create a rib or web using the Rib dialog box. See Figure 7-17. 
If a sketch includes one profile, the profile is selected automatically. If a sketch contains 
| multiple profiles, the Profile button is active, allowing you to pick the profile(s) to rib or 
| web. Next, use the Direction button to specify where the rib or web occurs. Direction 
arrows and a preview appear when you move the cursor. Multiple solutions are often 
possible. When it appears that the arrows are pointing in the correct direction and the 
preview looks acceptable, pick to select. Use the Thickness text box to enter or select 
the rib or web width. Then you may have to pick one of the side buttons to define the 
side of the profile on which the feature occurs. If necessary, use the Taper text box to 
add taper to the feature beginning at the sketch plane. 


Figure 7-17. 
The Rib dialog box with the To Next extents button selected. The rib direction arrow and 
preview appear when you pick a sketch and select a direction. 


To Next Button 


Preview Rib 
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By default, the To Next extents button is active to create a rib. To create a web, pick 
the Finite extents button to display the Extents Depth text box, and specify the web 
thickness, or depth. See Figure 7-18. The Extend Profile check box is most often associ- 
ated with web creation. Check the box to extend the ends of the web to intersecting 
features. If this box is not selected, the web terminates at the ends of the sketch profile. 
Pick the OK button to create the rib or web. ~ 


Do not attempt to generate a rib or web until a full preview of the 
feature appears and you have some confidence that the rib will 
form correctly. 


Exercise 7-3 ae 


Access the Student Web site (www.g-wlearning.com/CAD) and 7 
$, complete Exercise 7-3. 


Figure 7-18. 
Use the Finite extents button to create a web. 
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® Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
® or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


. List three ways to locate a hole. 
. Identify an effective method for placing a hole concentric to a cylindrical or conical 


feature without using a separate sketch. 


. Briefly describe a drilled hole. 
. Describe a counterbored hole. 


What is a spotface? 
Describe a countersunk hole. 
Explain the difference between a right-hand and left-hand thread. 


. Explain the meaning of the term nominal size. 


Define pitch. 
What is the thread class? 


. Describe a common use for part bends. 


In which direction does a bend occur by default? 

What should you do if you are creating a bend that might interfere with existing 
features to blend the bend with the existing features? 

What is the difference between ribs and webs? 

Briefly describe a network of ribs and webs. 
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Problems 


1—4 Instructions: 
e Open the specified part file, and save the file using the given name. 
e Follow the specific instructions for each problem to create the features. 

Note: Inventor dimensional constraint appearance may not comply with ASME standards. 

1. File: P6-3.ipt 

Save as: P7-1.ipt 
Title: SWIVEL 
Specific instructions: Use the Concentric placement option of the Hole tool to 


apply the counterbored hole shown. Place it on the bottom face of the extrusion. 
Use the hole note given to define the size of the hole. 


66.35 THRU 
LJ øØ9.50 F 3.20 


2. File: P6-6.ipt 
Save as: P7-2.ipt 
Title: BODY 
Specific instructions: Use the Linear placement option of the Hole tool to apply the 
drilled and threaded hole shown using the dimensions provided. Use the To termina- 
tion option to cut the hole completely through to the top portion of the C-clamp body. 


5 M10 x 1.5 - 6H 
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3. File: P6-9.ipt 
Save as: P7-3.ipt 
Title: STOP 
Specific instructions: Open a sketch on the face shown and sketch the Point, 
Center Point according to the information given. Access the Hole tool and use 
the From Sketch placement option to position a hole at the sketched Point, Center 
Point. The hole is a simple hole with a diameter of .0864, cut through the entire 
part using the Through All termination option. 
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4. File: P6-5.ipt 
Save as: P7-4.ipt 
Title: SUPPORT BRACKET 
Specific instructions: Use the Concentric placement option of the Hole tool to 
apply the simple counterbored hole on the face of the extrusion as shown. Use 
the hole note to define the size of the hole. Open a sketch on the face of the lower 
small, extruded cylinder and project the faces as shown. Change the projected 
edges to construction lines. Use the From Sketch placement option of the Hole tool 
to apply the threaded countersunk holes at the centers of the projected cylinder 
faces as shown. You must pick the centers. Use the hole note and the Through All 
termination option to define the size of the hole. 


Project these 
faces onto the 
sketch plane 


@0.125 V 0.250 
L Ø0.250 ¥ 0.125 


0-80 UNF - 2B 
\Y 0.125 X 60° 


Sketch on this face 


5-7 Instructions: 
e Create sketches of the following objects. 
e Develop sketch geometry from the projected center point. 
e Infer as many geometric constraints as possible and appropriate. 
e Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 
e Use the information in the status bar to create objects at the approximate size given by 
the dimensional constraints. 
e Add the dimensional constraints shown. 
e Add as much information as possible to the iProperties dialog box. Assign the speci- 
fied material and color to the part. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 
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5. Title: BENT PULLER 
Units: Inch 
Template: Part-IN.ipt 
Part Number: |AA-010-01 
Project: BENT PULLER 
Material: Stainless Steel 
Color: As Material 
Save as: P7-5.ipt 
Specific instructions: Refer to the illustrations on the following pages. Open a 
sketch on the XZ plane and create the sketch geometry shown. Extrude the sketch 
.25 in the positive direction. Add the sketch shown on the top face, and then 
cut-extrude the sketch through all. Add the bend line sketch on the top face as 
shown. Use the Bend Part tool to bend the part at the sketched line according to 
the following specifications and the model shown: .25 radius, 60° angle, bend left 
and up. 


Projected center point, 
coincident to line 
midpoint 


Tangent 


This value is half 
of the .200 


parameter PS fed 
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P Bend line 


Projected edges 
converted to 
construction lines 


6. Title: CHISEL HANDLE intermediate 
Units: Inch or Metric 
Template: Part-IN.ipt or Part-mm.ipt 
Part Number: IAA-011-01 
Project: CHISEL 
Material: Choose a material 
Color: Choose a color 
Save as: P7-6.ipt 
Specific instructions: Use dimensions of your choice to design and build the 
original chisel handle shown in Figure 7-11B, without the rounded edges. Use the 
bend tool to add curvature to the part as shown in Figure 7-11B. 
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hA Advanced 7. Title: BRACKET 
- Units: Metric 
Template: Part-mm.ipt 
Part Number: IAA-012-01 
Project: BRACKET 
Material: Aluminum-6061 
Color: Blue Sea 
Save as: P7-7.ipt 
Specific instructions: Create the part shown using the specified features. When 
complete, your part should contain at most three extrusions from three sketches, 


three ribs from three sketches, two webs from one sketch, and two holes from one 
sketch. 
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CHAPTER 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
Y Place fillet and round features. 
V Add chamfer features. 


You can generally add a placed feature to a model if an appropriate base feature f placed features: 
: : 5 5 Features added to 
is present. Placed features often help finalize a design or add to sketched feature § an existing feature 


geometry. This chapter describes three common placed features: fillets, rounds, and f Without using a 
chamfers. 


fillet: A curve 
placed at the inside 
intersection of two or 


3 5 eee $ A more faces, addin 
Fillets often ease or simulate the machining of inside corners to help release f material cc ae A 


patterns from castings and forgings, or to relieve stress. Rounds typically remove sharp $ round: A curve 
machined edges and help release patterns from forgings and castings. Figure 8-1 shows ff Placedonthe _ 

: . . : exterior intersection 
an example of a part with multiple fillets and rounds. You can place fillets and rounds § oftwo or more faces, 


7 : removing material 
on selected edges or at the intersection of selected faces. ES 


Figure 8-1. 

The part feature 
Fillet tool allows you 
to place fillet and 
round features. 
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Modet- ~ 


i constant fillets and 
| rounds: Fillets and 


_ rounds that have a 
© curve radius that 
- does not change. 


> variable fillets and 
; rounds: Fillets and 
rounds that have 


different curved radii Ų 


placed at precise 
points between the 
start and end of a 

» feature edge. 
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Access the Fillet tool to create fillets and rounds using the Fillet dialog box. See 


| Figure 8-2. Pick a button in the upper-left corner of the Fillet dialog box to display 


options for placing edge, face, or full radius fillets and rounds. The Edge Fillet button 
is active by default and allows you to create constant and variable fillets and rounds 
on selected edges. See Figure 8-3. Use the Edge Fillet option to create different types 
of fillets or rounds without continually re-accessing the Fillet tool. You can add all of 
the fillets and rounds shown in Figure 8-3, for example, using a single fillet operation, 
which displays as a single feature in the browser. 


If you plan to suppress certain fillets or want to have additional 
fillet features, access the Fillet tool more than once. 


Figure 8-2. 
Use the default Edge Fillet button of the Fillet dialog box to add constant and variable fillets 


to selected edges. 
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Figure 8-3. 

An example of a 
part with constant 
and variable fillets 
and rounds. By 
accessing the Fillet 
tool once, you can 
apply several fillet 
and round styles, 
all having different 
radii. 


Variable fillet Constant round 


Variable round 


Constant fillet 
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Fillet and Round Options 


Before you place fillets and rounds, you should understand how the options in the 
More area of the Fillet dialog box affect fillet and round creation. The Roll along sharp edges 
check box, which is unselected by default, maintains the specified radius by forming a lip 
when you fillet an object around a sharp edge. To keep the original edge geometry, but 
adjust the radius, select the Roll along sharp edges check box. See Figure 8-4. 

The Rolling ball where possible check box, which is selected by default, simulates the 
process of using a convex milling cutter (for fillets) and corner-rounding milling cutter 
(for rounds). The result of selecting or deselecting the Rolling ball where possible check 
box is most evident when you fillet or round three intersecting edges. See Figure 8-5. The 
Automatic Edge Chain option allows you to select a chain of tangent edges with a single 
pick. Deselect the Automatic Edge Chain check box to pick individual segments. See 
Figure 8-6. Select the Preserve all features check box to ensure that Inventor accounts 
_ for the features that intersect the fillet and to determine intersection redefinition ingar- 
mation when creating fillets and rounds. 


Most fillet and round Si isn to eave fillet devant oui 
the Preserve all features check box is selectable for creating face and 
full round fillets. 


Figure 8-4. : 

à Edge rises to form Radius adjusts to 
Notice the change to specified radius edge ves 
the edge when you 

select or deselect 


the Roll along sharp 
edges check box. 


Figure 8-5. 
Compare the effects when the Rolling ball where possible option is and is not active. 
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Figure 8-6. 
You can either select individual edges or select with an edge chain to pick all tangent edges. 


Three distinct edges were Two individual edges were 
selected with an edge chain selected separately 


Constant Fillets and Rounds 


Use the options available in the Constant tab, shown in Figure 8-2, to apply 
constant fillets and rounds. First, specify a radius using the Radius column text box. 
Then pick the Tangent Fillet or Smooth (G2) Fillet button from the flyout to produce the 
desired fillet or round transition. A tangent fillet is acceptable for most applications 
and produces a curve tangent to adjacent faces. Select the Smooth (G2) Fillet option to 
create a G2 curve, or curvature-continuous situation, between the curve and adjacent 
faces. 

Next, pick the appropriate Select Mode radio button to help select single edges, a 
closed loop, or an entire feature, and then pick the object to fillet or round. A feature 
preview appears by default. To select and fillet all interior edges using the same style 
and radius, pick the All Fillets check box. To select and round all exterior edges using 
the same style and radius, pick the All Rounds check box. 


To deselect objects, hold down the [Ctrl] key and pick the items to 
remove from the selection set. To remove all selections associated 
with a specific radius, pick the edges to remove in the Edges column 
and press [Delete]. 


To apply fillets and rounds with different radii using a single Fillet operation, 
pick the Click to add button. Then enter a different radius and select edges. Continue 
adding fillets and rounds as required. Pick the Apply button to create the feature and 
remain in the Fillet tool, or pick the OK button to create the feature and exit. 


NOTE 


You can add variable fillets and rounds and adjust setbacks in addi- 
tion to constant fillets and rounds using the options in the Variable 
and Setbacks tabs. 
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Exercise 8-1 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 8-1. 


Variable Fillets and Rounds 


Use the options available on the Variable tab, shown in Figure 8-7, to apply variable 
fillets and rounds. First, select an edge. The start and ends are automatically selected 
unless you pick a closed loop, such as a cylinder edge, in which case you must pick 
points. Next, pick additional points along the selected edge. A yellow dot and preview 
identify the location of each new point. 

Once you select all points, pick a point in the Point column. A blue dot identifies 
the selected point in the model for reference. Specify the radius of the point using the 
Radius column text box. Precisely define the location of the point using the Position 
column text box. The position of additional points is relative to the start point and the 
individual edge pieces, not a tangent loop. Remember, the active point displays a blue 
dot on the selected edge. Adjust the radius and position of each point. If necessary, 
select additional points along the edge and adjust the radius and position of each. 


Figure 8-7. 
Using the Variable tab of the Fillet dialog box to create variable fillets and rounds. Notice the 
point style for selecting points for a variable-radius fillet or round. 
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` setback: Point 

at which a fillet or 
round on one edge 
begins to combine 
with a fillet or round 
of at least two other 
edges. 


| vertex: When 
referring to fillet and 
round setbacks, the 
intersection of three 
or more edges. 
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The Smooth radius transition check box is selected by default and creates a steadily 
increasing or decreasing blend between variable points. To form a direct, linear arc 
between variable points, deselect the Smooth radius transition check box. To apply 
additional variable fillets and rounds on other edges, pick Click here to add and repeat 
the process of selecting and defining points. Pick the Apply button to create the feature 
and remain in the Fillet tool, or pick the OK button to create the feature and exit. 


To delete a variable fillet or round edge or point listed in the Edges or 
Point columns, pick the edge or point to remove and press [Delete]. 


Controlling Setbacks 


You can observe the process of modifying setback values when you select or dese- 
lect the Rolling ball where possible check box. Setbacks greater than the fillet or round 
radius blend curves beginning further from the vertex. Setbacks less than or equal to 
the fillet or round radius create a rolling ball effect. Refer again to Figure 8-5. Use the 
options available on the Setbacks tab, shown in Figure 8-8, to modify fillet and round 
setbacks. 

Pick the corner, or vertex, of the feature edges to add the vertex to the Vertex 
column. A blue dot identifies the selected vertex in the model for reference. Each edge 
intersecting the selected vertex appears in the Edge column. If you pick one of the 
edge names, the matching edge in the model highlights. If you pick one of the edges 
on the feature, a cursor appears to the left of the corresponding edge name in the Edge 
column. Use the Setback column text box to specify the setback for each edge. 

An alternative to entering setback values is to pick the Minimal check box in the 
Minimal column. This option, which applies the least amount of allowable setback at 
the selected vertex, is most noticeable when applied to edges with different radii. See 
Figure 8-9. To modify additional vertex setbacks, pick the Click here to add button and 
repeat the process of selecting a vertex and defining setbacks. Pick the Apply button 
to create the feature and remain in the Fillet tool, or pick the OK button to create the 
feature and exit. 


Figure 8-8. 
Using the Setbacks tab of the Fillet dialog box to control fillet and round setback. Pick a 
vertex to specify the edges to modify setback. 
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Figure 8-9. 
A—An example of the default setbacks applied to intersecting rounds. B—Applying the 
Minimal option to blend rounds using the least amount of setback. 


Minimal 
setbacks 


Default setbacks 
applied when rounding 
multi-radii edges 


To delete a setback vertex or edge listed in the Vertex or Edge 
columns, pick the vertex or edge to remove and press [Delete]. 


Exercise 8-2 S 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 8-2. 


Access the Fillet tool and pick the Face Fillet button in the Fillet dialog box to add 
a fillet or round tangent to selected faces. See Figure 8-10. The Face Set 1 button is 
active by default, allowing you to choose the first face tangent to the fillet or round. 
Next, with the Optimize for Single Selection check box selected, the Face Set 2 button 
becomes activated, allowing you to choose the second face. Enter a radius in the Radius 
text box. 

A preview appears if you enter an acceptable radius. If the preview does not look 
correct, you may be able to adjust the fillet or round by selecting the Help Point check 
box in the More area of the Fillet dialog box and then picking a location on the feature to 
add the help point. A help point can sometimes help you define the transition between 
the curve and feature faces. If the preview looks correct, pick the Apply button to create 
the feature and remain in the Fillet tool, or pick the OK button to create the feature and 
exit. Figure 8-11 shows how the Face Fillet option can apply to fillets and rounds. 


If necessary, use the face set Flip buttons to flip the direction of the 
fillet or round when adding a face fillet or round between surfaces. 
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Figure 8-10. 
Using the Face Fillet option of the Fillet dialog box to form rounds. Notice that the first face 
selected appears in a contrasting color from the second face selected. 
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Figure 8-11. 
Additional examples of fillets and rounds produced using the Face Fillet option. 
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Exercise 8-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 8-3. 


Access the Fillet tool and pick the Full Round Fillet button in the Fillet dialog box 
to create a full radius fillet or round. See Figure 8-12. The Side Face Set 1 button is 
active by default, allowing you to choose the first side face used to define the fillet or 
round. Next, with the Optimize for Single Selection check box selected, the Center Face 
Set button becomes activated, allowing you to choose the center face. Then the Side Face 
Set 2 button is activated, allowing you to choose the second side face. 


Figure 8-12. 
Using the Full Round Fillet option of the Fillet dialog box to create a true full round. 
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A preview appears if you select appropriate faces. If the preview looks correct, 
pick the Apply button to create the feature and remain in the Fillet tool, or pick the OK 
button to create the feature and exit. Figure 8-13 shows a hinge completed by three full 
rounds and one full fillet. 


The Full Round Fillet option forms a full radius according to three 
selected faces, which is excellent for producing true full radius fillets 
and rounds that can adapt to design changes. See Figure 8-14. 


Exercise 8-4 — 


~ Access the Student Web site (www.g-wlearning.com/CAD) and _ 
complete Exercise 8-4. 


Figure 8-13. 

A hinge created by 
adding three full 
rounds, one full 
fillet, and two holes 
to an extrusion. 


Full round 


Add the holes using 
concentric placement 
after placing the full Full round 
radii. 
ò Full round 
Full fillet 
Figure 8-14. 


The Full Round Fillet option allows you to create full radius fillets and rounds that can adapt 
to design changes. 
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Chamfers relieve sharp edges, aid the entry of a pin or thread into a hole, ease | ehaor AES ; 
inside corners, or replicate the use of an angle milling cutter. Figure 8-15 shows an [ on a feature edge 
example of a part with multiple chamfers. You can place chamfers on selected edges or 
at the intersection of selected faces. You can apply chamfers at the corner of two inter- 
secting, nonparallel planar faces. Access the Chamfer tool to create chamfers using the 
Chamfer dialog box. See Figure 8-16. 


Ribbon 


| Model 
> Modify 


Â 


Chamfer 


must reuse the tool to create a chamfer of a different size. All chamfers 
placed during one operation make up a single feature in the browser. 


Chamfer Options 


Before you place chamfers, you should understand how the options in the More area 
of the Chamfer dialog box affect chamfer creation. Pick the All tangentially connected 
edges button to select a chain of tangent edges with a single pick. Pick the Single Edge 
button to pick individual segments. See Figure 8-17. 

Pick the Setback button to apply setback when chamfering parts with three or 
more intersecting edges. Pick the No Setback button to provide no setback, which 
establishes a point at the intersection of the edges instead of a flat surface. See Figure 8-18. 
Pick the Preserve All Features check box when features intersect a chamfered corner. 
When this box is checked, existing feature geometry is not modified by a new chamfer 
that intersects the feature. 


Figure 8-15. 
Examples of several 
chamfers placed on 
a part. 


Figure 8-16. 
The Chamfer dialog box with the Distance option selected. 
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Figure 8-17. 
You can select edges for a chamfer by selecting an entire edge chain or an individual segment. 
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Figure 8-18. 
An example of a chamfered corner with the Setback button selected and with the No Setback 
button selected. 


, No Setback button selected 


hd Setback button selected 


Placing Chamfers 


To create a chamfer, select the appropriate chamfer method button. Figure 8-19 
shows how each method defines the size and shape of the chamfer. The Distance button 
is selected by default and allows you to create a chamfer with equal-distance sides from 
the selected edge, or a 45° angle. Pick the edges to chamfer and specify the chamfer 
distance using the Distance text box. Pick the Apply button to create the feature and 
remain in the Chamfer tool, or pick the OK button to create the feature and exit. 


= ~ NOTE 
| Deselect selected edges by holding down [Ctrl] and picking the 
edges to remove from the operation. 
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Figure 8-19. 
Examples of the effects of each type of chamfer creation method. 
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To specify one chamfer side as a distance from the edge and the other side as an 
angle from the edge, pick the Distance and Angle method button. The Face button is 
initially active, allowing you to select the face from which the chamfer distance is 
measured from the edge. The Edge button then activates, allowing you to select the 
edges from which the angle is measured. To change the face, pick the Face button 
again and reselect the edges. After you establish the face and edges to chamfer, specify 
a chamfer distance using the Distance text box and a chamfer angle using the Angle 
text box. Pick the Apply button to create the feature and remain in the Chamfer tool, or 
pick the OK button to create the feature and exit. 

To specify one chamfer side with a distance from the edge, and the other side with 
a different distance from the edge, pick the Two Distances button. Select the edge to 
chamfer, and enter the chamfer distances in the Distance1 and Distance2 text boxes. If 
necessary, pick the Flip button to reverse the direction of the chamfer distances from 
the edge. Pick the Apply button to create the feature and remain in the Chamfer tool, or 
pick the OK button to create the feature and exit. 


Exercise 8-5 


Access the Student Web site (www.g-wlearning.com/CAD) an | 
complete Exercise 8-5. 


Chapter 8 Fillets, Rounds, and Chamfers 


229 


230 


ANAT EPWN HE 


= 
(=) 


m m 
NR 


= = 
Hm OO 


m 
Sz] 


» Chapter Test 


Aa Answer the following questions. Write your answers on a separate sheet of paper 
@ orgo to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


What must be present before you can add a placed feature? 
Name at least three types of placed features. 

Briefly describe common uses for fillets. 

What is the difference between a round and a fillet? 

What is the function of the Smooth radius transition check box? 
Briefly describe how to create a variable fillet. 


. What is a setback on a fillet or round? 
. Explain the effect when a setback is greater than the fillet or round radius, and 


when a setback is less than or equal to the fillet or round radius. 


. Briefly describe how to create a face fillet or round. 
. Which fillet tool allows you to create a radius that adapts automatically if you edit 


the underlying geometry? 


. Name at least three uses for chamfers in a model. 
. What is the purpose of the All tangentially connected edges button in the Chamfer 


dialog box? 


. List three different ways to create a chamfer using the Chamfer tool. 
. When selecting edges to chamfer, how can you deselect a single edge without 


leaving the Chamfer tool? 


. If you enter two distances for a chamfer, but the preview shows the opposite of the 


result you want, what can you do to correct it? 
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Problems 


Instructions: 
e Open the specified part file, and save the file using the given name. 
e Follow the specific instructions for each problem to create the features. 

Note: Inventor dimensional constraint appearance may not comply with ASME standards. 

1. File: P6-2.ipt 

Save as: P8-1.ipt 
Title: PIN 
Specific instructions: Place 2.375 mm rounds on both ends of the pin as shown. 


2. File: P7-1.ipt 
Save as: P8-2.ipt 
Title: SWIVEL 
Specific instructions: Place a chamfer on the part as shown. 


4.75 


v C 


3. File: P7-2.ipt 


vE 


Save as: P8-3.ipt m 
Title: BODY 

Specific instructions: Place 1.6 mm chamfers on the edges shown, 26 total with 
the Single edge button selected. 


Chamfers 


Problems - Chapter 8 
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4. File: P6-8.ipt 
Save as: P8-4.ipt 
Title: HANDLE 


Specific instructions: Use the Fillet tool and the All Fillets and All Rounds options 
to place .125” fillets and rounds on all part edges. 


Rounds 


Fillet 


Sf intermediate 5. File: P7-4.ipt 

= Save as: P8-5.ipt 

Title: SUPPORT BRACKET 

Specific instructions: Apply the fillets, rounds, and chamfers shown. 


Fillet 1 edge 
Rei2Z5" 


Fillet 24 total selections 
R 03125 


A 


Fillet 1 edge 
R .0625” 


Chamfer 4 edges 
.03125” 
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6. File: EX7-2.ipt Lf intermediate 
Save as: P8-6.ipt 
Title: HITCH PIN BENT 
Specific instructions: Open a sketch on the XY plane. If you constructed the base 
feature sketch correctly, the sketch should be tangent to the bent cylinder. Sketch 
the Point, Center Point shown. To acquire the Point, Center Point location dimen- 
sional constraint value, right-click on the Bend Part sketch (possibly Sketch2) and 
select Visibility. Then, when placing the dimensional constraint, pick the existing 
.375 value used to locate the circle. Use the sketch to form a hole through the entire 
part. Reference the diameter of the .125 circle on the visible sketch to define the 
diameter of the hole. Turn off the visibility of the sketch. Add the .0625 chamfer 
and .125 round as shown. Add as much information as possible to the iProperties 
dialog box. Assign a Steel material and As Material color to the part. 
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sf Advanced 7. File: P6-1.ipt 

- Save as: P8-7.ipt 
Title: SUPPORT BLOCK 
Specific instructions: Extrude the sketch 3” in the positive direction as shown 
in A. Place a 2” chamfer on the edges shown in B. Open a sketch on Face 1, and 
sketch the geometry shown in C. Add a.75” hole through the entire part. The final 
part should look like the part shown in D. 


Point, Center Point 


tg 
ba 
v 
ee) 
a. 
6 
ie 
O 
a] 
= 
s 
r- 
© 
he 
a. 


234 Inventor and Its Applications 2010 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
Apply face draft. 

Place threads on cylindrical and conical features. 

Shell features. 

Thicken faces and offset surfaces. 

Move faces. 


= Ss SS 


This chapter describes common placed features that allow you to apply face draft, 
add threads, and shell features. You will also learn about placed features used to 
thicken faces, offset surfaces, and move faces. You can apply these features to parts for 
a variety of applications. 


Face draft is often required to aid in removing a part or pattern from a mold, f face draft: A taper 

6 A k 5 placed on 2 part 
as shown in Figure 9-1. However, you can draft a face for any other application that ff surface. 
requires a tapered face. Access the Face Draft tool to draft faces using the Face Draft pIE 


dialog box. See Figure 9-2. 


Using the Fixed Edge Option 


The Fixed Edge button is active by default and allows you to identify the pull direc- | 
tion and the faces to draft using fixed edges. Use the active Pull Direction select button 
to select a face or plane to act as the pull direction. Refer again to Figure 9-1. An arrow imal 
identifies the direction from which the mold pulls. See Figure 9-3. If necessary, pick Stegioninwhich 


the Flip button to reverse the pull direction. ie clan 

The Faces button activates, allowing you to select faces to draft. When you move 
the cursor over feature faces, a vector preview of the face draft operation appears, as 
shown in Figure 9-3. The vector indicates the fixed edge and face draft angle. When 
the vector displays the correct orientation, pick the face. Then set the draft angle using 
the Draft Angle text box. Pick the Apply button to create the feature and remain in the 
Face Draft tool, or pick the OK button to create the feature and exit. 


pulled or removed 
from the part. 
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Figure 9-1. 

An example of 
applying face draft 
to a mold and 
molded part to aid 
removing the part 
from the mold. 


Figure 9-2. 


Molded part 


Parting line 


Pull direction 


A—The Face Draft dialog box with the Fixed Edge button selected. B—The Face Draft dialog box 
with the Fixed Plane button selected. 


Figure 9-3. 


Notice the position of the indicators during a fixed-edge face draft selection and the resulting part. 
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Figure 9-4. 
Notice the position of the indicators during a fixed-plane face draft selection and the 
resulting part. 
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Using the Fixed Plane Option 


Select the Fixed Plane button to define a fixed plane and the faces to draft in refer- 
ence to the fixed plane. The main difference between the Fixed Edge and Fixed Plane 
options is that Inventor adds or removes material at the selected edge using the Fixed 
Edge function, but adds and removes material at the selected plane using the Fixed 
Plane function. The Draft Plane select button becomes active, allowing you to pick the 
pull direction by selecting a face or plane. For most applications, the plane you select 
should be a work plane or an existing feature face that will add and remove material 
during the face draft operation. See Figure 9-4. If necessary, pick the Flip button to 
reverse the pull direction. 

The Faces button becomes active, allowing you to select faces to draft. When 
you move the cursor over feature faces, a vector preview of the face draft operation 
appears, as shown in Figure 9-4. The vector indicates the fixed edges and face draft 
angle. Notice that you can only define the face draft angle and fixed edges in relation - 
to the selected fixed plane. Now set the draft angle using the Draft Angle text box. Pick 
the Apply button to create the feature and remain in the Face Draft tool, or pick the OK 
button to create the feature and exit. 


Exercise 9-1 


Access the Student Web site (www.g-wlearning.com/CAD) and : 
complete Exercise 9-1. 


For most applications, add internal threads to a hole using the Hole tool to increase 
productivity and reduce the number of model features. The Thread tool allows you to 
add external threads, or internal threads when the Hole tool is not appropriate or if 
you plan to suppress threads, but not the hole. Figure 9-5 shows an example of parts 
with corresponding internal and external threads. 
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Figure 9-5. 

An example of 
externally and 
internally threaded 
features. 


External threads 


Internal threads 


Access the Thread tool to display the Thread dialog box. See Figure 9-6. The Face 
button is active, allowing you to pick a cylindrical or conical face to apply threads. By 
default, a bitmap thread representation appears in the model. Deselect the Display in 
Model check box to hide the image. To thread the entire length of the selected face, 
pick the Full Length check box. To specify a certain length of threads, deselect the 
Full Length check box. Then specify the thread length using the Length text box and 
an offset distance using the Offset text box. See Figure 9-7. If necessary, pick the Flip 
button to reverse the offset. 

Pick the Specification tab to specify the thread properties. Refer again to Figure 9-6. 
The thread properties available for placing threads are essentially the same as those 
offered for threading a hole using the Hole tool. Specific thread types, such as NPT, are 
available when you add threads to a conical feature to replicate tapered pipe threads. 
Only those designation options that correspond to the selected size are available. Pick 
the Apply button to create the feature and remain in the Thread tool, or pick the OK 
button to create the feature and exit. 


Figure 9-6. 
A—The Location tab of the Thread dialog box. B—The Specification tab of the Thread dialog 
box. 
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Figure 9-7. 
Threads may cover the full length of a face, partial length without an offset, or partial length 
with an offset. 


Full Length No Offset With Offset 


Thread representations created using the Thread tool are fully para- 
metric, and as a result, you can use model thread information to 
annotate drawings or for other applications. Thread representa- 
tions are adequate for most models. Use the Coil tool to create actual 
detailed threads. 


A spreadsheet outlines the thread information available in the | 
Specification tab. The location of the spreadsheet is Program Files\ | 
Autodesk\Inventor 2010\Design Data\Thread.xls. Use this spreadsheet | 
to modify and add thread types and thread information for specific | 
applications. Changes made to the Thread spreadsheet do not alter 
existing thread specifications. 


Exercise 9-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 9-2. 
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A shell is a feature that allows you to remove model material and faces, leaving 
behind a specific wall thickness. See Figure 9-8. Common shell applications include 
cast or forged part designs and thin or hollow parts. One or more selected faces deter- 
mine the material removed by a shell. Shells modify features by removing material and 
creating new faces on the inside, outside, or inside and outside of existing feature faces. 

Access the Shell tool to create shell features using the Shell dialog box. See 
Figure 9-9. The Remove Faces button is active by default, allowing you to specify 
the faces to remove during the shelling process. You can remove one or more faces, as 
shown in Figure 9-10. The Automatic Face Chain check box is also active by default, 
allowing you to select multiple tangent faces in a single pick. See Figure 9-11. Select the 
Inside button to create shell walls on the inside of the existing feature faces. Pick the 
Outside button to create shell walls on the outside of the existing feature faces. Select 


Figure 9-8. 


An example of using a shell feature to develop a part. 


Initial Features 


Final Part after Adding Holes 


Figure 9-9. 
The Shell dialog box. 
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Figure 9-10. 
Removing one or multiple feature faces during a shell operation. 


Three feature faces 
were removed 


One feature face 
was removed 


Figure 9-11. 
Toggle the Automatic Face Chain check box on or off to select individual faces or a group of 
tangent faces. The Split tool, described in Chapter 13, creates the circular face shown. 


Two faces 
selected at once 


Automatic Face Chain check box selected 


Individual face 
selected 


Automatic Face Chain check box deselected 
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the Both button to create shell walls equally thick on the inside and outside of the 
existing feature faces. See Figure 9-12. 

Next, specify the wall thickness, or the amount of material left after the shell 
operation, using the Thickness text box. The default shell applies a uniform thick- 
ness throughout the shell. To apply different thicknesses to certain walls, as shown 
in Figure 9-13, pick the More button to access the Unique face thickness area. Pick the 
Click to add button and select the faces to assign a unique wall thickness. Then specify 
a thickness using the Thickness text box. Add as many face thicknesses as required. 


Figure 9-12. 
The shell thickness can occur inside, outside, or inside and outside of the original part. 
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Figure 9-13. 
Pick the More button to add unique face thicknesses to a shell feature. 
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Controlling Approximation 


A shell forms new faces parallel to existing faces. The new parallel faces, or offsets, 
are set according to the specified shell thickness. The offset is consistent throughout 
the shell except when the thickness is too large. Figure 9-14 shows a shelled, sharp- 
pointed loft. Notice that the shell thickness is not consistent when it becomes too large 
to form a parallel surface. The Allow Approximation check box is selected by default 
and attempts to produce the shell by adjusting the thickness. To adjust for this issue, 
pick the More tab in the Shell dialog box. See Figure 9-15. 

The drop-down list in the Allow Approximation area controls the approximate 
solution. Select the Never too thin option to increase the shell thickness as necessary, 
but never less than the specified thickness. Pick the Never too thick option to decrease 
the shell thickness as necessary, but never more than the specified thickness. Choose 
the Mean option to increase or decrease the thickness as needed. Pick the Optimized 
radio button to use an approximation tolerance that will result in the quickest shell, 
or choose the Specify Tolerance radio button to enter a tolerance. The approximation 
tolerance you enter in the text box is a percentage. A lower percentage results in higher 
approximation accuracy. Pick the OK button to create the shell. 


If you choose to approximate a shell solution, an alert box indicates 
that the offset is approximate. Pick the Accept button to produce 
the shell, or pick the Edit button to make modifications to the shell. 
Deselect the Allow Approximation check box to prevent approxima- 
tion of shell thickness. This usually requires that you make signifi- 
cant changes to the model before creating the shell. 


Exercise 9-3 a 


~~ Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 9-3. 


Figure 9-14. 
An example of approximating shell offset when a consistent thickness is too large to form a 
parallel curved surface. 
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offsetting a work 
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Figure 9-15. 
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A model face or surface may require additional material or an offset surface for 
construction purposes. Often the easiest, only, or most effective way to accomplish 
these tasks is to thicken or offset faces using the Thicken/Offset tool and corresponding 
dialog box. See Figure 9-16. 


Figure 9-16. 
A—tThe Thicken/Offset dialog box. B—Examples of Thicken/Offset tool applications. You can 
easily create relatively complex geometry by thickening and offsetting existing faces. 
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Pick the Face radio button to have selection access to faces or surfaces. Pick the 
Quilt radio button to have selection access to surfaces only. The Select button is active 
by default and allows you to pick feature faces or surfaces. Although you can choose 
multiple faces or surfaces, depending on the active radio button, you cannot pick faces 
and surfaces. 

Pick the Solid button to generate a solid thickening, or pick the Surface button 
to create a volumeless surface offset. See Figure 9-17. Use the Distance text box to set 
the distance at which the thickened or offset feature occurs from the selected face or 
surface. You must specify a distance greater than 0 when thickening a feature, but | 
you can enter any distance, including 0, when offsetting a surface. An offset distance | 
of 0 is most common for creating a volumeless surface copy of existing solid faces for 
construction requirements of thin parts. 

The Operation buttons are available only for thickening faces. These buttons allow 
you to choose whether the thickened face will join, cut, or intersect another feature. 
The Direction buttons control which side of the selected face or surface is thickened or 
offset. 

The More tab, shown in Figure 9-18, controls additional thickening or offset char- 
acteristics. Pick the Automatic Face Chain check box to select multiple connected and 
tangent faces, instead of having to select each face individually. Pick the Create Vertical 
Surfaces check box to extend surfaces when offsetting external surfaces. 


Ribbon 


Model 
> Surface — 


Thicken/Offset 


Figure 9-17. 
Notice the buttons Thickened Offset 
from the Output area face surface 
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Figure 9-18. 
The More tab of the Thicken/Offset dialog box contains an Automatic Face Chain check box 
that allows you to select multiple connected and tangent faces with one pick. 
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Controlling Approximation 


A thicken or offset forms new faces or surfaces parallel to the selected faces or surfaces. 
The new parallel faces or surfaces are set according to the specified thicken or offset 
distance. The distance is consistent throughout the operation except when the distance is 
too large. The Allow Approximation check box is selected by default and attempts to produce 
the thickening or offset by adjusting the thickness as needed. The approximation options 
are the same as those for the Shell tool. Pick the OK button to create the feature. 
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i In order to select an entire face chain, access the More tab of the 
Thicken/Offset dialog box first, pick the Automatic Face Chain check 
box, and then select the faces. 


Exercise 9-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 9-4. 


If the size or shape of a feature requires modification, edit the feature param- 
eters as needed. For example, to change an extrusion from 3” to 2”, edit the extrusion 
distance using the Extrude dialog box. However, in some cases you may want to move a 

§ feature face without editing existing features. For example, you might want to explore 
a design option, provide needed clearance, or replicate a manufacturing process, such 
ty as creating a weld gap. Access the Move Face tool to remove material from or add to 
í a selected face without eliminating existing feature parameters using the Move Face 


Model 


3 
Move Face 


dialog box. See Figure 9-19. 
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Figure 9-19, 
A—The Move Face dialog box. B—Moving a face using the Move Face dialog box and the 
Direction Distance option. 


Direction Distance button 


Planar Move button 


Select Edge button 
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Using the Distance and Direction Option 


The Distance and Direction button is active by default and allows you to move a 
face a specified distance along a linear edge. Use the Select Faces button to pick a face 
to move. Pick the Select Edge button and pick an edge to define where the face moves. 
For example, if you select a horizontal edge, the face moves along a horizontal plane. A 
preview arrow displays the direction and the intended effect of the move. If necessary, 
pick the Flip Direction button to move the face in the opposite direction. Specify how 
far to move the face using the Distance text box. Pick the Apply button to create the 
feature and remain in the Move Face tool, or pick the OK button to create the feature 
and exit. 
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Using the Planar Move Option 


Pick the Planar Move button to move a face from one point to another on a specified 
plane. See Figure 9-20. The Select Faces button is active, allowing you to pick faces 
to move. After you select faces, pick the Select Plane button, located in the Direction & 
Distance area, and pick a plane to define where the faces move. Typically, you pick a 
plane that is not parallel to the selected faces. 

Next, pick the Select Points button to define the move distance. The face moves 
from the first point to the second point you choose. You can select any available model 
points, such as endpoints or work points. You can also define the points using precise 
input techniques. Pick the Apply button to create the feature and remain in the Move 
Face tool, or pick the OK button to create the feature and exit. 


Exercise 9-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 9-5. 


Figure 9-20. 
A—The Move Face dialog box with the Planar Move option selected. B—Moving a face using 
the Planar Move option. 
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gm Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wlearning.com/CAD/InventorApps2010), 
select the correct chapter from the Chapter Materials drop-down list, and complete 
the electronic chapter test. 


1. What is a face draft? 

2. Name two common uses for face drafts. 
3. What is the pull direction in a face draft? 
4 

5 


. Explain the difference between internal and external threads. 
. Briefly explain when you should use the Hole tool to create threads and when you 
should use the Thread tool. 
6. What does it mean to say that thread representations created using the Thread tool 
are fully parametric? 
7. Briefly describe the function and uses of the Shell tool. 
8. By default, what happens if the specified shell thickness is too large for the feature 
to which it is applied? 
9. What is the difference between thickening and offsetting as they relate to the 
Thicken/Offset tool? 
10. Name the tool that adds material to or removes material from a selected face 
without eliminating existing feature parameters. 
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Problems 


1-3 Instructions: 
e Open the specified part file, and save the file using the given name. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 
1. File: P6-4.ipt 
Save as: P9-1.ipt 
Title: SCREW 


Specific instructions: Place a 2 mm fillet on the edge shown. Apply full-length, 
right-hand threads using the specifications shown. 


2 mm fillet 


M10X1.5 - 6G 


2. File: P5-10.ipt 
Save as: P9-2.ipt 
Title: SWIVEL BOLT 
Specific instructions: Thread the bolt stud using the specifications shown. The 
threads should be right-hand threads, .5” in length, and should have an offset of 0. 
Place a .025” chamfer on the edge shown. 


.025” chamfer 


1/4-20 UNC - 2A 


y 3. File: P6-10.ipt 
5 Save as: P9-3.ipt 

Title: FUNNEL 

Specific instructions: Place four .75” chamfers as shown. Shell the part using the 

following information: 

e Remove Facet and Face2 using an Inside shell method and apply a thickness 
of .0625”. 

e Apply a unique thickness set as the extrusion parameter, possibly d9 (the .125” 
extrusion value) to Face3 and Face4. 

e Place .03125” fillets and rounds using the All Fillets and All Rounds check 
boxes. 
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The final part should look like the part shown. 


j Face2 
Face3 
Face4 


4—5 Instructions: 
e Create sketches of the following objects 
e Develop sketch geometry from the projected center point. 
e Infer as many geometric constraints as possible and appropriate. 
e Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 
e Use the information in the status bar to create objects the approximate size given by 
the dimensional constraints. 
e Add the dimensional constraints shown. 
e Add as much information as possible to the iProperties dialog box. Assign the speci- 
fied material and color to the part. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


4. Title: HOUSING DA intermediate | 
Units: Metric E 
Template: Part-mm.ipt 
Part Number: |AA-013-01 
Project: REACTOR 
Material: Cast Steel 
Color: As Material 
Save as: P9-4.ipt 
Specific instructions: Opena sketch on the XZ plane. Extrude a 150 mm x 145 mm 
rectangle 50 mm in a positive direction. Sketch a ©70 mm circle in the center of 
the top face of the extrusion. Extrude the circle 35 mm in the positive direction. 
Fillet the specified edges using the information provided. Shell the features using 
the following information: 

e Remove Face1 and Face2 
e Thickness: 10 mm 
e Direction: Inside 


Chamfer 
four 
edges 


Face1 


Problems - Chapter 9 
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Sketch a 20 mm radius arc in the center of the face shown. Cut-extrude the arc 
using the To Next termination option. The final project should look like the part 


shown. 
8 edges total Face2 


10 mm radius _— (top cylinder face) 
Unselect Rolling ball where ee 
possible check box 


1 edge 
5 mm radius 


Facet 
(bottom part face) 


v 5. Title: BOTTLE 

J Units: Inch or Metric 

Template: Part-IN.ipt or Part-mm.ipt 

Part Number: IAA-014-01 

Project: BOTTLE 

Material: Choose a material 

Color: Choose a color 

Save as: P9-5.ipt 

Specific instructions: Use the following tools to create a bottle similar to the bottle 
shown: 2 extrusions, constant fillets and rounds, variable rounds, 1 shell, and 1 threaded 
feature. Be sure to add the shell at the appropriate time, after the primary fillets 
and rounds, but before the threads and secondary fillets and rounds. 
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(CHAPTER 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
Y Mirror features. 

Y Create rectangular feature patterns. 

Y Develop circular feature patterns. 

Y Work with feature patterns. 


Use feature pattern tools to create mirrored features and circular or rectangular 
patterns without adding time-consuming sketch geometry or recreating features 
using conventional methods. Feature patterns consist of selected features and pattern 
occurrences. Pattern all features to be included in the pattern in a single operation. 
For example, pattern an extrusion and a chamfer and hole added to the extrusion at 
the same time. In order to pattern placed features, you must also select the features on 
which the placed features are located. 


Mirrored features are reversed, or mirrored, feature occurrences that are appro- 
priate for symmetrical parts, or parts with symmetrical features. See Figure 10-1. 
Access the Mirror tool to mirror features using the Mirror dialog box. See Figure 10-2. 

The Mirror individual features button is active by default for mirroring selected 
features. Use the Features button to select features to mirror. You may need to pick 
certain features from the browser if you cannot access them from the graphics window. 


Then pick the Mirror Plane button and select the mirror plane. Choose any available | 
plane, including a planar feature face, work plane, or a plane in the Origin folder of the | 


browser. 


Pick the Mirror a solid button to mirror the complete part at the current design stage ee 


without selecting individual features. The Mirror Plane button is active, allowing you 
to select the mirror plane. The Mirror a solid option selects all solid features in the part. 
To include work features and surfaces in the mirror operation, pick the Include Work/ 
Surface Features button and select work features and surfaces to mirror. If necessary, 
select the Remove Original check box to replace the parent features with the mirrored 
features, without actually deleting the parent features. Pick the Join button to add 
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Figure 10-1. 
An extrusion, hole, 
chamfers, fillets, and 


rounds mirrored Mirror 
twice to create a plane 
part. Mirror 


plane 
(not shown) 


Initial Feature Mirrored Features 


Figure 10-2. 
The Mirror dialog box shown with the Mirror individual features or the Mirror a solid button 
selected. 
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material to the selected solid, and disregard the New solid button unless you want the 
mirror to form a separate solid body. 

A preview appears when you select the items to mirror and pick a mirror plane. 
To finalize the mirror, choose the More button to access the Creation Method area. 
The Identical radio button, selected by default, creates mirrored features that are the 
same as the parent features. All characteristics of the parent features, including the 
extents, are reproduced in the mirror. Use the Identical option when mirrored features 
terminate on a work plane or the same planar face. Select the Optimized radio button 
to create a mirrored copy of the parent feature’s shape, but reproduce the features 
as faces, rather than as the features formed when you use the Identical method. All 
other characteristics of the parent features, including the extents, are reproduced in 
the mirrored faces. 

Pick the Adjust to Model radio button to create mirrored features based on the 
parent features, but change the size to adjust for variations in the model, especially 
when the parent feature terminates on a feature face. Figure 10-3 shows the difference 
between using an Optimized or Identical method and the Adjust to Model method. Pick 
the OK button to mirror the features. 
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Figure 10-3. 
Mirroring a feature using the Optimized or Identical creation methods and the Adjust to 
Model creation method. 
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The Adjust to Model creation method takes longer to generate 
mirrored features than the Optimized or Identical method. Select 
the Adjust to Model radio button only when mirrored features must 
be modified to fit changes in model geometry. 


Exercise 10-1 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 10-1. 


rectangular 


A rectangular feature pattern allows you to produce a rectangular group of Ff feature pattern: 
matching features efficiently. See Figure 10-4. Access the Rectangular Pattern tool f fatres tonie 


to create a rectangular feature pattern using the Rectangular Pattern dialog box. See {f and positioned a 
Figure 10-5. aed rowed 
The Pattern individual features button is active by default for patterning selected * colums: 

features. Use the Features button to select features to pattern. You may need to pick 
certain features from the browser if you cannot access them from the graphics window. 
An alternative is to pick the Pattern a solid button to select all solid features in the part. | 
To include work features and surfaces in the pattern operation, pick the Include Work/ |. 
Surface Features button and select work features and surfaces to pattern. Pick the Join 
button to add material to the selected solid, and disregard the New solid button unless 
you want the pattern to form separate solid bodies. 
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Figure 10-4. 

This part includes 
three rectangular 
feature patterns: 
a pattern of holes 
and two separate 
patterns of cut 
extrusions. 


Rectangular 
patterns 


Figure 10-5. 


The Rectangular Pattern dialog box with the Pattern individual features or the Pattern a solid 
button selected. 
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Use the Direction 1 button to select the first pattern direction. You can pick a 
feature edge, axis, or work axis, including the axes located in the Origin folder of the 
browser. The path is parallel to a straight selection or tangent to a curved selection. 
Another option is to pick a plane or face to specify the path perpendicular to the plane. 
If the preview and direction arrow appear incorrect, pick the Flip button to reverse the 
direction. Patterns form in a direction on one side or the other of the selected features, 
depending on the flip direction. An alternative is to pick the Midplane check box to 
spread the occurrences on each side of the selected features. You may still need to pick 
the Flip button if you enter an even number of total features. See Figure 10-6. 
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Figure 10-6. 

Using the Midplane 
direction option to 
create a rectangular 
pattern. 


The total number of 
pattern features, 5 in 

this example, is divided on 
both sides of the selected item 


This example shows 
how an even number of 
features may require 
flipping to create the 
correct pattern 


Specify the number of occurrences using the Count text box. Then define the 
distance between the copies using one of the options available from the drop-down 
list. The Spacing option is the default, allowing you to specify the spacing using the 
Length text box. For example, to pattern an extrusion that is 1” (24.5 mm) wide and 
leave a 1/2” (12.25 mm) space between copies, specify a 1.5” (36.75 mm) spacing. 

Select the Distance option to divide the count equally along the value you specify 
in the Length text box. Distance is measured from a point on the first pattern occur- 
rence to the corresponding point on the farthest pattern occurrence. For example, the 
length between the center of the first cylinder in a pattern to the center of the last 
cylinder in a pattern defines the distance. The Curve Length option is available when 
you pick a feature curve, most often an edge, as the path. Use the Curve Length option 
to calculate and add the entire length of the curve to the Length text box. 

After you define Direction 1, repeat the steps to define Direction 2. For most appli- 
cations, the second direction is not parallel to the first direction. Direction arrows and a 
preview display the complete pattern operation. Additional pattern options are available in 
the lower portion of the dialog box. By default, the Direction 1 and Direction 2 patterns 
start at the beginning of the selected paths in reference to the specified direction. To 
change where the patterns begin, pick the Direction 1 and Direction 2 buttons and 
choose new points on the selected path curves. 

The Compute area contains the same Optimized, Identical, and Adjust radio buttons 
available for the Mirror tool. The Orientation area contains options for defining rectan- 
gular feature pattern occurrences over complex curves. Pick the Identical radio button 
to create each pattern occurrence identical to the parent feature, without compensating 
for a complex curve. To adapt the pattern to a complex curve by rotating each pattern 
occurrence along the curve, pick the Direction1 radio button for the Direction 1 path, 
and the Direction2 radio button for the Direction 2 path. See Figure 10-7. Pick the OK 
button to pattern the features. 
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Figure 10-7. 
A rectangular pattern of features with the Identical and Direction1 or Direction2 radio buttons 
selected (one direction shown). 
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Exercise 10-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 10-2. 


— re A circular feature pattern allows you to create a circular group of matching 
Occurrences of features efficiently. See Figure 10-8. Access the Circular Pattern tool to create a circular 


sndpesiioneda feature pattern using the Circular Pattern dialog box. See Figure 10-9. 


specified distance The Pattern individual features button is active by default for patterning selected 
apart around an f 

Eris. features. Use the Features button to select features to pattern. You may need to pick 

certain features from the browser if you cannot access them from the graphics window. 

Model | An alternative is to pick the Pattern a solid button to select all solid features in the part. 


> Pattern 


A 


To include work features and surfaces in the pattern operation, pick the Include Work/ 
Surface Features button and select work features and surfaces to pattern. Pick the Join 
Circular Pattem | button to add material to the selected solid, and disregard the New solid button unless 
Type- you want the pattern to form separate solid bodies. 
Use the Rotation Axis button to select the axis of rotation. You can select any 
axis of rotation: feature edge, cylindrical surface, axis, or work axis available in the model, including 
Which the sclested ân axis located in the Origin folder of the browser. If the preview and rotation arrow 
geometry is rotated appear incorrect, pick the Flip button to reverse the rotation. 
or copied. : z 

Next, specify the total number of occurrences using the Count text box. Before 
specifying the angle, pick the More button to access additional pattern options. The 
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Figure 10-8. 
An example of a part built efficiently using a circular feature pattern. 
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Original Extrusion Circular Pattern Additional Features 


Figure 10-9. 
The Circular Pattern dialog box with the Pattern individual features or the Pattern a solid 
button selected. 
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Compute area contains the same Optimized, Identical, and Adjust radio buttons avail- 
able for the Mirror tool. The Positioning Method area includes options that control how 
the pattern forms. The Fitted radio button is selected by default, allowing you to divide 
the count equally inside the included angle specified in the Angle text box. A 360° 
angle is a full rotation. Figure 10-10 shows an example of patterning a feature using 
a count of 6 and a 90° fitted angle. Pick the Incremental radio button to specify the 
included angle between each occurrence using the Angle text box. Figure 10-11 shows 
an example of patterning a feature using a count of 6 and a 30° incremental angle. 

If you are using either the Fitted or Incremental positioning method, and the 
total rotation of all occurrences is not 360°, pick the Flip button if necessary to pattern 
around the opposite rotation. Patterns form in a direction on one side or the other of 
the selected features, depending on the flip direction. An alternative is to pick the 
Midplane check box to spread the occurrences on each side of the selected items. You 
may still need to pick the Flip button if you enter an even number of total features. See 
Figure 10-12. Pick the OK button to pattern the features. 
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Figure 10-10. 
Patterning a feature 
using the Fitted 
option. 
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Figure 10-12. 
Compare the locations of the patterned features when the Midplane direction option is selected 
and deselected. Select the Flip button to place the extra feature on the other side of the pattern. 
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Exercise 10-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 10-3. 


You can edit and delete feature patterns and patterned items much as you would 
other part features. Figure 10-13 shows an example of a part developed using each 
type of feature pattern. Study the corresponding information in the browser. Feature 
` patterns appear in the browser much like other features, with an individual icon and 
default name. The first mirror operation in a model is Mirror1, the first rectangular 
pattern is Rectangular Pattern1, and the first circular pattern is Circular Pattern1. 

Mirrored features and rectangular and circular patterns have the same browser 
characteristics. Expand the feature to display a Features folder. If you used the Pattern 
individual features option to create the pattern, the selected features, sketches, and 
other items consumed by the pattern appear in the folder, as shown in Figure 10-13. 
If you chose the Pattern a solid option, Pattern of Part, followed by any included work 
features and surfaces, appears in the Features folder. See Figure 10-14. 

Following the Features folder is a list of each pattern occurrence. The selected 
parent features or entire solid display as the first, or top, occurrence. For mirrored 
features, only two occurrences are present: the parent selection and the mirrored 
occurrence. The specified count determines the number of rectangular or circular 
feature pattern occurrences. If you include work features, such as the axes or planes 


Figure 10-13. 
Compare the items in the browser to the related items in a model containing a circular 
feature pattern, mirrored feature, and rectangular pattern. 
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Figure 10-14. 

A part formed by patterning all solids in the part, including two extrusions, a chamfer and 
a thickening, using the Circular Pattern tool. The browser groups all features into a Pattern of 
Part definition. The same occurs with mirrors and rectangular patterns. 
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in the Origin folder of the browser, those features are grouped with each occurrence, 
except the parent occurrence. Expand an occurrence to view the selected features. 

As with other items in the browser, when you move the cursor over the occurrence, the 
feature highlights in the graphics window. This is especially helpful when you are working 
with feature patterns to identify a specific occurrence in the model. To suppress, or 
“turn off,” an occurrence, right-click on the occurrence and pick Suppress. You can 
suppress mirrored, rectangular, and circular pattern occurrences. Figure 10-15 shows 
an example of suppressing a rectangular pattern occurrence. 


All solids 
patterned 


Pattern 
occurrence 


You cannot suppress the parent feature occurrence, but you can 
suppress the actual parent feature by right-clicking on the feature 
and selecting Suppress Feature. 


Figure 10-15. 
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, Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


1. Describe feature patterns and explain when you might use them in developing a 
model. 
2. What is the most efficient method of patterning multiple related features, such as an 
extrusion that contains a chamfer and a hole? 
3. Describe a mirrored feature and give an example of its use. 
4. What items can you choose as a mirror plane? 
5. Describe rectangular feature patterns and give an example of their use. 
6. If you want to pattern a feature that you cannot access directly in the model, how 
can you select the feature for patterning? 
7. Briefly describe the difference between the Spacing option and the Distance option 
for creating a rectangular pattern. 
. Briefly describe circular feature patterns and give an example of their use. 
. Explain the difference in the browser items created using the Pattern individual 
features option and the Pattern a solid option of the feature patterning tools. 
10. Explain the axis of rotation for a circular pattern and identify at least two items 
you can select as the axis. 


wO OO 
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Problems 


1-2 Instructions: 
e Open the specified part file, and save the file using the given name. 
e Follow the specific instructions for each problem to create the features. 

1. File: P8-5.ipt 

Save as: P10-1.ipt 
Title: SUPPORT BRACKET 
Specific Instructions: Use the Circular Pattern tool to pattern the entire solid 
as shown. Select the default Z axis as the rotation axis, specify a count of 2, the 
Incremental position method, and an angle of 135°. The final part should look like 
the part shown. 
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2. File: EX10-2.ipt 
Save as: P10-2.ipt 
Title: SELECTOR BRACKET 
Specific Instructions: 
Sketch the @27.5 mm circles shown on the top face, and extrude them 10 mm. 
Suppress six of the rectangular pattern holes, as shown. 
Use the Fillet tool to fillet and round All Fillets and All Rounds by 2 mm. 
Add the specified holes. 
Open the iProperties dialog box for the model and enter SELECTOR BRACKET 
in the Title text box, and enter P10-2 in the Part Number text box. 
Choose an appropriate material and color. 
The final part should look like the part shown. 
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3—5 Instructions: 
e Create sketches of the following objects 
Develop sketch geometry from the projected center point. 
Infer as many geometric constraints as possible and appropriate. 
Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 
e Use the information in the status bar to create objects the approximate size given by 
the dimensional constraints. 
e Add the dimensional constraints shown. 
e Add as much information as possible to the iProperties dialog box. Assign the speci- 
fied material and color to the part. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


3. Title: HUB 
Units: Inch 
Template: Part-IN.ipt 
Part Number: IAA-015-01 
Project: HUB 
Material: Default 
Color: Default 
Save as: P10-3.ipt 
Specific Instructions: Sketch a @1.5” circle on the XZ plane. Extrude the sketch 5” 
in the positive direction. Add the specified hole as shown. 
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4. Title: SUPPORT 
Units: Inch 
Template: Part-IN.ipt 
Part Number: |AA-016-01 
Project: LATHE 
Material: Default 
Color: Default 
Save as: P10-4.ipt 
Specific Instructions: 


A. 


B. 


E: 
F 


Create the sketch shown on the XY plane and extrude the sketch 2” 
midplane. 

Create the sketch shown on the top face and cut-extrude the sketch 1” in the 
negative direction, as shown. 


C. Mirror the cut extrusion using the default XY plane as the Mirror Plane. 
ID} 


Add the specified hole .5” from the bottom edge and 1” from the vertical edge, 
as shown. 

Place a .028625” chamfer at the hole edges. 

Place a .0625” round on Extrusion1. 


The final part should look like the part shown. 
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5. Title: FLOW RESTRICTOR 
Units: Metric or Inch 
Template: Part-IN.ipt or Part-mm.ipt 
Part Number: |AA-017-01 
Project: FLOW RESTRICTOR 
Material: Choose a material 
Color: Choose a color 
Save as: P10-5.ipt 
Specific Instructions: Create features similar to those shown, using your own 
specifications. Mirror the features twice to create the part shown. Place rounds on 
the two loops shown. 
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6. Title: SLIDER HINGE CONNECTOR 
Units: Metric 
Template: Part-mm.ipt 
Part Number: |AA-018-01 
Project: SLIDER HINGE 
Material: Titanium 
Color: As Material 
Save as: P10-6.ipt 
Specific Instructions: 


A. 


J nS 


TROJE 


Create the sketch shown on the XY plane and extrude the sketch 100 mm in 
the positive direction, as shown in A. 

Place a 5 mm fillet as shown in B. 

Create the sketch shown in B on the specified face and cut-extrude the sketch 
10 mm in the negative direction. 

Use the Rectangular Pattern tool to pattern the extrusion as shown in C. Use a 
count of 5 and a spacing of 22.5. 

Add a 10 mm hole through all the feature geometry as shown in C. 

Place a 10 mm fillet on the edges as shown in C. 

Mirror the entire solid as shown in D. 

Add the specified hole, coincident to the edge shown. 

Use the Rectangular Pattern tool to pattern the hole as shown. Use a count of 5 
and a spacing of 13.75. 


The final part should look like the part shown. 
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7. Title: WHEEL 

Units: Inch 

Template: Part-IN.ipt 

Part Number: IAA-019-01 

Project: GATE VALVE 

Material: Steel, Mild 

Color: Orange (Dark) 

Save as: P10-7.ipt 

Specific Instructions: 

A. Sketch a @2” circle around the projected center point, on the XY plane, and 
extrude the sketch 2” midplane. 

B. Sketch the geometry shown on the XZ plane as shown in A. Slice Graphics to 
clarify the sketch environment. 

C. Extrude the sketch 6” in the positive direction. 

D. Sketch the circle shown in B on the YZ plane. Fully revolve the sketch around 
the Z axis. 

E. Use the Circular Pattern tool to pattern Extrusion2 as shown. Specify the default 
Z axis as the rotation axis, a count of 6, a fitted position method, and 360° 
angle. 

F. Add the specified hole to Extrusion 1. 

The final project should look like the part shown. 
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8. Title: BOTTLE CAP 
Units: Metric 
Template: Part-mm.ipt 
Part number: IAA-014-02 
Project: BOTTLE 
Material: Choose a material 
Color: Choose a color 
Save as: P10-8.ipt 
Specific Instructions: Develop a cap for the bottle you created in Problem 9-5. Use 
the Circular Pattern tool to apply straight knurls to the cap as shown. Sketch the 
parent knurl feature from one of the reference planes located in the Origin folder, 
and extrude through the cap. Then apply the circular pattern, followed by the hole. 


9. Title: 45° ELBOW 
Units: Metric 
Template: Part-mm.ipt 
Part number: |AA-020-01 
Project: PIPING 
Material: Steel, Mild 
Color: As Material 
Save as: P10-9.ipt 
Specific Instructions: 


A. 


B. 


Cc 


D. 


I. 


Create the sketch shown in A on the XZ plane. 

Revolve the profile formed by both circles around the Z axis 45° in the positive 
direction, as shown in B. 

Sketch a 108 mm circle on the bottom face of the revolved feature, as shown 
in C. Project the inside of the revolution to include in the sketch. The @108 mm 
circle should be concentric to the projected edge. 

Extrude the donut-shaped sketch profile 11.5 mm away from the revolution, as 
shown in D. 

Add a @16.66 mm hole, as shown in E. The hole should be horizontal to, and 
41.5 mm from, the center of the previous extrusion. 

Use the Circular Pattern tool to pattern the hole, as shown in F. Select the 
curved Extrusion1 (likely default name) face (cylinder wall) as the rotation axis. 
Specify a count of 8, the fitted position method, and a 360° angle. 

Copy Extrusion! to the top face of the revolved feature by dragging Extrusion1 
from the browser into the graphics window. Refer to G and use the Paste Features 
dialog box to paste the extrusion and the pattern of holes: Choose Dependent 
from the paste features drop-down list to include the pattern of holes. Select the 
top face of the revolution as shown to position Profile Plane1 as identified in the 
Name list. Pick the Finish button to create the copy shown in H. 


. The pasted extrusion remains unconstrained. Edit the extrusion sketch to add 


coincident constraints linking the sketches to the projected revolution edge, 
and a tangent constraint associating the small circle with the corresponding 
projected revolution edge. 

The final project should look like the part shown in J. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Create work planes. 

Project cut edges. 

Establish work axes. 

Use ungrounded and grounded work points. 

Establish a user coordinate system (UCS). 

Adjust work features and the UCS. 


\ SN Soo SS 


Often while developing models, you will not find sufficient geometry on which to 
sketch, constrain, and build features. Use work features to solve many of these prob- 
lems and to create complex shapes. Work features provide the same functions as the 
default work planes, axes, and center point found in the Origin folder of the browser, 
but they offer the flexibility to reference planes, axes, or points anywhere needed. 


Add a work plane whenever you require a planar construction surface and a 
default reference plane or feature face is unavailable, such as positioning a sketch, 
locating a work feature, adding a plane to terminate a feature, or creating a constraint 
plane for an assembly. Figure 11-1 shows an example of using a work plane to position 
an.extrusion sketch. A work plane is infinite, though you can only see a portion of it in 
the graphics window, and it appears semitransparent by default. 

Access the Work Plane tool to create a work plane. You can use a variety of methods 
to place a work plane, depending on the application. Common techniques include 
offsetting a work plane from an existing face or plane, or picking feature or sketch 
geometry. Options are available for adjusting work plane appearance and definition 
after it has been placed. 
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Figure 11-1. 
A—Offsetting a work plane from an existing face. B—Sketching on and extruding from the 
work plane (sketch visible for reference). C—Adding features to complete the part. 


Offset from face 
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Offsetting a Work Plane 


One of the most common techniques for positioning a work plane is to offset it 
from a plane or planar face. Select a plane or face to display a work plane preview and 
icon. To offset the work plane, hold down the left mouse button on the plane preview 
and drag in the appropriate direction. The Offset dialog box appears for precise place- 
ment. See Figure 11-2. Release the mouse button and specify a value using the text 
box. 

Ribbon If you plan to begin a new 2D sketch on an offset work plane, use the 2D Sketch 
tool without first placing a work plane. Instead of picking a plane or face, as you would 
to begin a new sketch on the plane or face, hold down the left mouse button on the 
plane or face and drag in the appropriate direction. Use the Offset dialog box to specify 
the offset. 


Shortcut 


Exercise 11-1 


2. Access the Student Web site (www.g-wlearning.com/CAD) and 
® complete Exercise 11-1. 


Figure 11-2. 
An example of offsetting a work plane from the default XY plane and from a feature face. 
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Picking Feature or Sketch Geometry 


Several options are available for placing a work plane when it is not appropriate or 
possible to offset from a plane or face. Figure 11-3 shows picking two parallel planes 
or planar faces to position a work plane parallel to and bisecting the distance between 
the planes or faces. Figure 11-4 shows picking two edges or axes to position a work 
plane coplanar to the edges or axes. Figure 11-5 shows picking three points to create a 
work plane coincident to the points. Selectable points include feature edge endpoints, 
intersections, midpoints, and work points. 

Figure 11-6A shows picking an edge or axis and a point to create a work plane 
perpendicular to the edge or axis, through the point. Figure 11-6B shows picking a 
face or plane and a point to position a work plane parallel to the face or plane, through 
the point. Pick a face or plane and an edge or axis to locate a work plane at an angle 
to the face or plane, through the edge or axis. The edge acts as the angle pivot point. 
_ As shown in Figure 11-7, after you pick an edge or axis and a face or plane, the Angle 

dialog box appears, allowing you to specify the angle of the work plane. You can select 
any face or plane parallel to the selected edge and create the same work plane by 
entering different angles. 
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Figure 11-4. 
Positioning a work 
plane coplanar to 
two axes or edges. 


Axes 
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Figure 11-5. 
Locating a work 
plane coincident to 
three points. 


Figure 11-6. 


A—Creating a work plane by selecting an edge and point. B—Positioning a work plane by 
selecting a face and point. 
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Figure 11-7. 
Examples of work 
planes at edges, at 
specified angles 
from faces. 


Face (90° or 270° angle) 
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Exercise 11-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 11-2. 


Pick a sketch curve and a point on the curve to generate a work plane perpen- 
dicular to the curve plane, at the point. This is a common technique when constructing 
a sweep profile and path, as described in Chapter 12, and is also necessary for other 
applications. Figure 11-8 shows examples of using a sketch to position a work plane. 

In order to create a work plane tangent to a curved surface, such as an extruded 
cylinder, another feature or sketch must be available for selection. If you sketch the 
curved feature geometry at the projected center point and want the work plane to 
_ be parallel to an origin work plane, select the cylinder surface and the appropriate 
origin work plane. See Figure 11-9A. If the work plane should not be parallel to an 
origin work plane, select the appropriate origin work plane and axis, and use the Angle 
dialog box to specify the angle of the work plane. Then create the final work plane by 
selecting the cylinder surface and the angled work plane. See Figure 11-9B. 


Figure 11-8. 

A—Creating a work plane perpendicular to a curve sketched on the XZ plane, at a point on 
the curve. B—Forming a work plane perpendicular to a curve sketched on a feature face, at a 
point on the curve. 
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Figure 11-9. 
A—Selecting an origin work plane and cylinder surface to create a tangent work plane. 
B—Follow these steps to create a tangent work plane at an angle from an origin work plane. 
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To create a work plane tangent to a curved surface when you cannot reference 
origin work features, pick a sketched curve and point as shown in Figure 11-9B. The 
work plane becomes associated with the sketch. In order for the work plane to be 
tangent to the curved surface, the sketch plane must be perpendicular to the curved 
surface, the curve must be coincident to the axis of the curved surface, and the point 
must be coincident to the tangent edge. 


When you are finished using a sketch that is not consumed by a 
feature, you may want to hide the sketch by right-clicking on the 
sketch in the browser and deselecting Visibility. 


Exercise 11-3 a 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 11-3. 


Figure 11-10A shows picking a curved surface and an edge or axis to create a 
work plane tangent to the curved surface, coplanar to the edge or axis. Figure 11-10B 
shows picking a curved surface and a face or plane to define a work plane tangent to 
the curved surface, parallel to the face or plane. 


Use an origin work plane instead of creating a work plane whenever 
possible, unless you want the plane to adapt to feature changes. 


Figure 11-10. 
A—Creating a work plane by selecting a tangent face and an edge. B—Adding a work plane 


by selecting a tangent face and a planar face. 


Tangent face - 


T 


p 
p 
» 


Tangent face 


a ‘Planar face 


Inventor and Its Applications 2010 


Exercise 11-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 11-4. 


The Project Geometry tool is effective for common applications that require 
projecting content onto a sketch plane, such as the center point or feature edges. The 
_ Project Cut Edges tool allows you to project content that you cannot reference using J 
the Project Geometry tool, most often geometry at the intersection of a sketch plane 
positioned on a work plane. See Figure 11-11. When you access the Project Cut Edges | 
tool in the part environment, all feature geometry cut by the sketch plane automati- | * 
cally projects onto the sketch as edges; there is no need to pick the solid or the intersec- | Pr 
tion individually. : 


a. 


oject Cut Edges | 


In the assembly environment, to associate cut edges from a compo- 
nent onto a sketch plane of another component, you must pick the 
component to project. 


Exercise 11-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 11-5. 


Figure 11-11. 
The Project Cut Edges tool allows you to use geometry created by the intersection of a face or 
plane and feature geometry that would be difficult or impossible to reference otherwise. 


Work plane Projected edges Added extrusion 


Initial Features Applying the Project Final Part 
Cut Edges Tool (graphics 
sliced for clarity) 
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work axis: 

_ A parametric 
_ reference line 
< located anywhere in 


Add a work axis when you require a construction line or axis and a default reference 
axis or feature axis or edge is unavailable, such as when creating a circular feature, locating 
a work feature, or creating a constraint axis or edge for an assembly. Figure 11-12 shows 
an example of using a work axis to revolve a sketch profile. The function of work axes 
is sometimes limited due to the availability of origin axes and the ability to select a 
sketch line or cylindrical feature when creating circular features. However, you will 
find applications when a work axis is necessary, or easier to use than an alternative, 
such as a sketch line. A work axis is infinite, although you can only see a portion of it 
in the graphics window, and appears as a thin line. 

Access the Work Axis tool to create a work axis. Select feature or sketch geometry 
to place a work axis, depending on the application. Options are available for adjusting 
work axis appearance and definition after it has been placed. 


) Picking Feature Geometry 


You can reference a variety of feature geometry to place a work axis. Figure 11-13A 


" shows picking a curved feature to add the work axis through the center. Figure 11-13B 


shows selecting a linear edge to locate a work axis collinear to the edge. 
Figure 11-14A shows picking two points to create a work axis coincident to the points. 
Figure 11-14B shows selecting two faces or planes to locate a work axis coplanar to and 
at the intersection of the faces or planes. Figure 11-15A shows picking a face or plane 


Figure 11-12. 
A—Positioning a work axis between existing faces. B—Using the work axis to revolve a 
sketch profile. C—Adding an extrusion to complete the part. 


Bisects surface 


Figure 11-13. 
A—Creating a work aot Work axis Selected edge 
axis by picking 
a revolved or 
cylindrical feature. 
B—Adding a work 
axis collinear to a 
linear edge. 


Work 
axis 


Selected 
feature 


B 


Inventor and Its Applications 2010 


Figure 11-14. 
A—Placing a work axis by selecting two points. B—Creating a work axis at the intersection 
of two work planes. You can select faces or a combination of faces and planes. 


Point Work 
(endpoint) Siar te plane 


Work axis 


(endpoint) 


Figure 11-15. . 
A—Placing a work axis by selecting a face or plane and a point. B—Creating a work axis by 
selecting a face and an edge. 


Selected point 


Selected face 


Selected face 


Selected edge 


and a point to place a work axis perpendicular to the face or plane, through the point. 
Figure 11-15B shows selecting a face or plane and an edge to create a work axis at the 
edge of the face and parallel to the edge. 


Exercise 11-6 


Access the Student Web site (www.g-wlearning.com/CAD) and a 
complete Exercise 11-6. 
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Exercise 11-7 -a 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 11-7. 


Using Sketch Geometry 


Existing 2D and 3D sketch geometry offers multiple options to locate work axes. 
For example, select a linear 2D or 3D sketch line, or pick sketch points such as endpoints, 
midpoints, and center points. Another option is to select a sketch point in combination 
with any existing work point, feature face, plane, or axis. 


Use an origin work axis instead of creating a work axis whenever 
possible, unless you want the axis to adapt to feature changes. 


apre pointe: Work points are commonly used to create 3D sketch geometry, locate a work 
reference points feature, terminate features, and establish constraint points for assemblies. Figure 11-16 
| cated on any part shows an example of using a work point to help form a loft. Chapter 12 explains loft 
| space. features. The function of work points is sometimes limited due to the ability to select 
the center point and points on features. However, you will find applications when a 
Ma Fork Features | WOrk point is necessary, or easier to use than an alternative, such as a feature point. A 


work point appears as a highlighted work point icon in the graphics window. 


Work Point 


Figure 11-16. 
A—Positioning a work point at the midpoint of an edge. B—Lofting from a sketch profile to 
the work point. C—Adding features to complete the part. 


Sketch 
profile 
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Access the Work Point tool to create a work point on selected feature or sketch 
geometry. A Grounded Work Point tool is also available for adding a work point in 3D 
space and is described later in this chapter. Options are available for adjusting work 
point appearance and definition after it has been placed. 


Picking Feature Geometry 


You can reference a variety of feature geometry to place a work point. Figure 11-17 
shows picking feature edge endpoints or a midpoint to place a work point. Figure 11-18 
shows selecting three planes or faces to place a work point at the intersection. 
Figure 11-19A shows picking a face, plane, or surface and an edge or axis to place a work 
point at the intersection. Figure 11-19B shows picking two edges or axes to position a work 
- point at the intersection, or at the projected intersection if the selections do not meet. 


Exercise 11-8 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 11-8. 


Exercise 11-9 a 


Access the Student Web site (www.g-wlearning.com/CAD) and _ 
complete Exercise 11-9. 


Figure 11-17. 
Visible work points 
created by selecting 
single points. 


Selected 
points 


Figure 11-18. 
Creating a work 
point at the 
intersection of three 


work planes or Selected planes 
feature faces. 


Selected faces 


Work point 


Work point 
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Figure 11-19. 
A—Placing a work point by selecting a face and edge or axis. B—Adding a work point at the 
intersection or apparent intersection of two selected axes or edges. 
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Selected edge 
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Using Sketch Geometry 


Existing 2D and 3D sketch geometry offers a variety of options to locate work 
points. For example, you can define a work point by selecting two intersecting, linear 
2D or 3D sketch lines or by picking sketch points such as endpoints, midpoints, and 
center points. Another option is to select a sketch curve such as a circle, arc, spline, or 
ellipse in combination with any existing face or plane. 


Grounded Work Points 
gounag wark. A grounded work point is located in 3D space, but is not fixed to model geometry. 
point: A work point . i 
completely fixedto Therefore, grounded work points do not respond to model constraint changes. For 
~ an XYZ coordinate. 


example, if you place a grounded work point at the end of a 5” line and then change 
the length of the line to 6”, the grounded work point remains at the initial XYZ loca- 


Ribbon 
Model 


>WorkFeatures | tion—in this example, the 5” line endpoint. 


¢ 


Access the Grounded Work Point tool to create a grounded work point. Select a 

. | point on an existing feature to specify the initial location of the grounded work point. 
Grounded Work | The 3D Move/Rotate dialog box and triad appears as shown in Figure 11-20. The triad 
includes a sphere, axes, planes, and arrowheads that allow you to adjust the location of 
the work point. Figure 11-21 shows the appearance of the 3D Move/Rotate dialog box 
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Figure 11-20. 

A grounded work 
point triad and the 
3D Move/Rotate 
dialog box. 


3D Move. Rotate 


« Select bo id eae 


B y Ei 


Triad axis 


when you select the triad sphere or a plane, arrowhead, or axis. Refer to this figure as 
you read the following descriptions of the grounded work point operations. 


Unrestricted Move 


The Unrestricted move option, available when you select the triad sphere, allows 
you to move the grounded work point anywhere in 3D space. Pick the sphere and 
specify values using the X, Y, and Z text boxes in the 3D Move/Rotate dialog box. You 
can also hold down the left mouse button on the sphere and drag the point. 


Planar Move 


The Planar move option, available when you pick a triad plane, allows you to move 


the grounded work point anywhere on the selected plane. Pick a plane and specify 
values using the corresponding text boxes in the 3D Move/Rotate dialog box. For 
example, the X and Y text boxes are available when you pick the XY triad plane. You 


can also hold down the left mouse button on a plane and drag the point. 


Figure 11-21. 
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dialog box change 
based on the 
selected triad item. 
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Axis Move 


The Axis move option, available when you pick a triad arrowhead, allows you to 
move the grounded work point anywhere along the selected axis. Pick an arrowhead 
and specify values using the corresponding text box in the 3D Move/Rotate dialog box. 
For example, the Z text box is available if you pick the Z triad axis. You can also hold 
down the left mouse button on an arrowhead and drag the point. 


Axis Rotation 


The Axis rotation option, available when you pick a triad axis, allows you to rotate 
the triad around the selected axis. The main purpose of an axis rotation is to adjust 
the position of the triad in order to move the point along a plane or axis in the new 
direction. Pick an axis and adjust the rotation using the Angle text box in the 3D Move/ 
Rotate dialog box. You can also hold down the left mouse button on an axis and drag 
to rotate the triad. 


Finalizing Placement 


Right-click and select Tentative Drag to display the previous position of the triad 
for reference. To return to the previous location and undo a movement, pick the Undo 
button. You may have the option of selecting the Redefine alignment or position button 
or right-clicking and selecting Redefine to reposition the work point at a specified loca- 
tion. If you select the triad sphere, you can relocate the grounded work point by picking 
a point. If you pick a triad axis, you can align the axis with a selected edge, axis, or 
sketched line. If you choose a triad plane, you can relocate the plane by picking a face 
or plane. Pick the Apply button or right-click and select Apply to create the grounded 
work point and remain in the Grounded Work Point tool. Pick the OK button or right- 
click and select OK to create a grounded work point and exit the tool. 


| Another option for creating a grounded work point is to place an 
ungrounded work point using the Work Point tool. Then right-click 
on the ungrounded work point and pick Ground. To reposition the 
converted work point, right-click on the grounded work point and 
pick 3D Move/Rotate. 


Exercise 11-10 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 11-10. 
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The default coordinate system is fixed and universal for all objects in 3D space. 
You can view the default coordinate system center point, planes, and axes by expanding 
the Origin folder of the browser. You have, and will continue to, use the default origin 
content to develop models. If the default origin features, or existing model points, 
faces, planes, edges, or axes are insufficient for model development, one option is to 
use work features. An alternative is to specify a user coordinate system (UCS). As 
you learn to use a UCS, it may help to consider a UCS as a coordinate system with the 
same items found in the Origin folder of the browser, but at a location and rotation of 
your choice. 

Access the User Coordinate System tool to establish a UCS. The UCS triad and 
heads-up display (HUD) appears in the graphics window. See Figure 11-22. Depending 
- on the current situation, the HUD displays a prompt, text boxes that you can navigate 
by pressing [Tab], or other information. 

One option to locate the UCS is to enter X, Y, and Z coordinate values in the HUD, 
or pick anywhere in 3D space. This is an example of an unrestricted move operation. 
You can then use the triad and HUD to adjust the UCS. Apply similar unrestricted 


planar, axis move, and axis rotation techniques to adjust the UCS as you would to | 


Figure 11-22. 

The user coordinate 
system (UCS) 
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up display (HUD) 
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Z 


Unrestricted Move (Initial Placement) 


Y Pick or drag to apply an axis move 


Axis Rotation 


Chapter 11 Work Features 


~ coordinate 


system: The 


' system of XYZ 


coordinate values 


l that defines the 
-location of points in 
- 3D space. 


' center point: The 
-intersection point 
= of the X, Y, and Z 

_ axes in 3D space, 
; or 0,0,0. 


~ user coordinate 


system (UCS): 


- Acustom XYZ 
_ coordinate system 
= with a center point 


and corresponding 
planes and axes at 


- 90° to each other. 


Ribbon 
Model 


> Work Features 


perme 


L 


_ heads-up display 

_ (HUD): A temporary 
~ control bar that 

_ allows you to adjust 
_ UCS settings by 


entering values at 


1 the keyboard. 


287 


288 


position a grounded work point. The main differences are that you enter values in the 
HUD instead of a dialog box, do not have to drag an unrestricted move, and cannot 
apply a planar move. To undo all movement and restart the tool, right-click and select 
Restart. Press [Esc] or right-click and select Done to cancel. Press [Enter] or right-click 
and choose Finish to accept the current orientation. 

Another option for positioning a UCS is to pick a work point or a point on an 
existing feature or sketch to specify the UCS origin, followed by a point that defines 
the direction of the UCS X axis, and then a point to set the direction of the UCS Y axis. 
See Figure 11-23. Once you create a UCS, the UCS appears in the browser, as shown 
in Figure 11-23. The UCS axes are visible by default, and the UCS triad appears in the 
model. Use the UCS center point, planes, and axes as you would the content in the 
Origin folder of the browser. 


You can reference a UCS center point while sketching without 
projecting the center point onto the sketch plane. 


Exercise 11-11 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 11-11. 


Figure 11-23. 
An example of picking points on an existing feature to locate a UCS. Notice the UCS in the 
browser and the difference between the default coordinate system and the UCS. 
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Figure 11-24. 
Options that might be available when you right-click on a work feature in the graphics 
window or browser. 


Visibility Displays the selected work feature or UCS triad. Deselect this 
option to hide items when necessary for clarity. 


Consume Inputs Causes the selected work feature to consume reference work 
features (those used to position the parent feature). ie the 
parent to display and select consumed features. 


Auto-Resize Resizes the plane or axis past the extents of features hiding the 
plane or axis. í 


Flip Normal Flips a displayed side of a plane. P on display F the 
“front,” or positive, side of a plane is a lighter color than the “rear,” — 
or negative, side. For some modeling requirements, such as creating 
decal features, it may be critical to work on the appropriate side of a 
plane to prevent items from appearing reversed. You can also use Flip 


Normal when the positive or negative work pan offset is incorrect. 


Adaptive Allows the selection to adapt to changes made to PEE 
assembly content. z e a 


Grounds the selection) used primarily to convert work points to 
grounded work points. 


arem Highlights geometry s suh as pone and oe aie to Teia the | 


- work feature. 


Export Object ! Marks the selection for export when you export a derived component. 


All work features, including those in the Origin folder of the browser and those 
associated with a UCS, include basic adjustment options. You can adjust the displayed 
position of a work plane by hovering the cursor over an edge until you see the Move 
icon. Then hold down the left mouse button to drag the work plane to the desired 
location. To change the displayed size of the work plane or work axis, hover the cursor 
over a work plane corner or work axis end until you see the Resize icon. Then, hold 
down the left mouse button to drag the corner or end to the desired size. Figure 11-24 
describes options available when you right-click on a work feature or UCS triad in the 
graphics window or browser, depending on the selected item. 


To relocate a work feature or UCS in space, you must right-click on 
the work feature or UCS in the graphics window or browser and 
select Redefine Feature. You can then recreate the item. When you 
redefine the location of a grounded work point, the grounded work 
point reverts to an ungrounded work point. 
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, Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


As 


NS 


Briefly describe work features and explain their use. 

What is a work plane? 

Explain the concept of infinite work planes. 

What tool allows you to project the intersection of nonplanar feature faces and the 
work plane for sketch development? 

Briefly explain when you should use the Project Cut Edges tool instead of the 
Project Geometry tool to project geometry. 

Describe a work axis. 

Identify at least three uses for work axes. 

What is a work point? 

Identify at least three uses for work points. 

Explain the difference between a grounded and an ungrounded work point. 
What is the purpose of the triad that appears with the 3D Move/Rotate dialog box 
when you create a grounded work point? 

Define the term UCS and explain when you might establish a UCS. 

Describe how to adjust the displayed position and size of work plane. 

Explain why it might be necessary to flip a work plane. 

How can you physically relocate a work feature or UCS in space? 
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Problems 


1—3 Instructions: 


e Open the specified part file, and save the file using the given name. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


1. File: P9-1.ipt 
Save as: P11-1.ipt 
Title: SCREW 
Specific Instructions: Create a work plane tangent to the screw head by selecting 
the tangent face and the appropriate default plane, as shown. Open a sketch on the 
work plane and sketch the geometry shown. Place a 4.85 mm through hole at the 
sketched Point, Center Point. The final part should look like the part shown. 


Projected axis 
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2. File: P10-3.ipt 
Save as: P11-2.ipt 
Title: HUB 
Specific Instructions: 


A. 


Po 


Offset a work plane 2.25” from the XY plane. Open a sketch on the work plane 
and sketch the geometry shown in A. Convert the projected cylinder edge to 
the construction format. 

Extrude the sketch in the negative direction using the To Next termination 
option. Add the round shown in B using the Full Round Fillet option (the work 
plane visibility is off for clarity). 

Open a sketch on the YZ plane and sketch the geometry shown in C. Convert 
the lower projected line to the construction format. The diagonal line and the 
upper projected line should use the sketch geometry format. 

Use the sketch to create a .25” thick rib. 

Use the Circular Pattern tool to pattern the extrusion as shown in E. Select the 
default Y axis as the rotation axis and specify a count of 3, a fitted position 
method, and an angle of 360°. 


Projected cylinder edge (convert 
to construction format) 


Inventor and Its Applications 2010 


3. File: P10-9.ipt 
Save as: P11-3.ipt 
Title: Change the title to 45° SPLIT ELBOW 
Part Number: Change the part number to IAA-020-02 
Specific Instructions: 


ANo 


B. 


@ 
D. 


mi 


Projected jiġ». 


Projected 
cylinder edge 


Hole4 


Hole3 


Create a work plane by selecting the XY plane and Extrusion1, as shown in A. 
Open a sketch on the work plane, and sketch the geometry shown. 

Extrude the sketch toward the elbow using the To Next termination option, as 
shown in B. 


. Create a Ø50 mm circle on the face of Extrusion3, concentric to Extrusion3, and 


extrude the profile 8 mm away from the elbow, as shown in B. 

Add a @25 mm hole beginning on the face of Extrusion4 and terminating at the 
inside face of the 45° elbow, as shown in C. 

Add a M8X1.25-6H full depth thru hole 19 mm vertically aligned with the 
center of Hole3, as shown in C. Create a work axis by selecting Hole3. 

Use the Circular Pattern tool to pattern the hole, as shown in D. Select Work 
Axis1 in the browser as the rotation axis and specify a count of 6, a fitted posi- 
tion method, and an angle of 360°. Add three 5 mm fillets as shown. 


Extrusion4 £3 Extrusion3 


Extrusion1 B 


4—6 Instructions: 


Create sketches of the following objects. 

Develop sketch geometry from the projected center point. 

Infer as many geometric constraints as possible and appropriate. 

Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 

Use the information in the status bar to create objects the approximate size given by 
the dimensional constraints. 
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e Add the dimensional constraints shown. 
e Add as much information as possible to the iProperties dialog box. Assign the speci- 
fied material and color to the part. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


4. Title: BASE 
Units: Inch 
Template: Part-IN.ipt 
Part Number: |AA-021-01 
Project: BASE 
Material: ABS Plastic 
Color: Gray (Dark) 
Save as: P11-4.ipt 
Specific Instructions: Create the sketch shown in A on the XY plane. Extrude the 
sketch 8” midplane. Shell the extrusion .125”, removing the bottom face, as shown 
in B. Offset a work plane -.25” from the bottom face, as shown in C. Open a sketch 
on the work plane and sketch the lines shown. Use the Rib tool to create the rib 
network shown in D. 
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5. Title: SHAFT Af intermediate] 
Units: Metric 4 
Template: Part-mm.ipt 
Part Number: I|AA-022-01 
Project: AIRCRAFT 
Material: Default 
Color: Default 
Save as: P11-5.ipt 
Specific Instructions: 

A. Sketch a ©20 mm circle on the XY plane. Extrude the sketch 60 mm midplane. 
Sketch the geometry shown in A on the left face of the cylinder. Share the 
sketch. 

B. Create Work Plane1 by picking the specified line and point. Sketch the geom- 
etry shown in B on the work plane. 

C. Cut-extrude the sketch 5 mm. Create Work Plane2 by picking the specified line 
and point. Sketch the geometry shown on the work plane. 

D. Extrude the sketch 5 mm. The final part should look like the part shown in D 
with all work features and Sketch2 hidden. 
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6. Title: BOX 
Units: Inch 
Template: Part-IN.ipt 
Part Number: |AA-023-01 
Project: BOX 
Material: ABS Plastic 
Color: As Material 
Save as: P11-6.ipt 
Specific Instructions: 


A. 


Sketch a 12” x 12” rectangle on the XY plane. Extrude the sketch 12” in the posi- 
tive direction. Shell the box .25” to the inside, removing the top face. Sketch the 
geometry shown, on one of the box faces. Cut-extrude the sketch using the All 
extents option. 

Use the Rectangular Pattern tool to pattern Extrusion2, as shown in B. Select 
the horizontal edge shown to define Direction1, and specify a Direction1 count 
of 3 and a spacing of 4”. Select the vertical edge shown to define Direction2, and 
specify a Direction2 count of 4 and a spacing of 3”. 


. Create Work Plane1 and Work Plane2 as shown in C and D by selecting exte- 


rior edges. Mirror Rectangular Pattern1 across Work Plane1. Mirror Rectangular 
Pattern! across Work Plane2. The final part should look like the part shown in 
D with all work features hidden. 


Horizontal edge 
Direction1 


Vertical edge 
Direction 


a 


Work Plane2 
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7. Title: MUG 
Units: Inch 
Template: Part-IN.ipt 
Part Number: |AA-101-01 
Project: MUG 
Material: Porcelain 
Color: As Material 
Save as: P11-7.ipt 
Specific Instructions: 


A. 


Q 


Go to the Student Web site (www.g-wlearning.com/CAD) and select Chapter 11 
in the Chapter Materials drop-down list. Download the Porcelain.styxm! style 
definition file. Save the file in a location where you will be able to locate it 
later. 

Access the Style and Standard Editor and pick the Import button to display the 
Import style definition dialog box. Locate and select the downloaded Porcelain 
style definition file and pick the Open button. Assign the Porcelain material to 
the file. 

Open a sketch on the XZ plane and sketch a @2” circle with the center coin- 
cident to the projected center point. Extrude the sketch 2.5” in the positive 
direction. 

Offset a work plane -1.5” from the XY plane. Offset another work plane -.75” 
from the XY plane. Offset a third work plane —.75” from the top face, as shown 
in A. 

Create Work Axis! shown in A by selecting Work Plane1 and Work Plane3. Create 
Work Axis2 shown in A by selecting Work Plane2 and Work Planes. 

Open a sketch on Work Plane3 and sketch the rectangle shown in B. 

Revolve the sketch around Work Axis1, 90° in the positive direction, as shown 
in C. Share the revolution sketch and revolve the profile around Work Axis2 
counterclockwise using the To Next extents option, as shown in C. 

Open a sketch on the revolution face shown in C and project edges. Extrude 
the sketch using the To Next extents option, as shown in D. 

Hide all work features. Add a .25” shell removing the top cylinder face. Add a 
125” equal-distance chamfer to the outside edge of the bottom cylinder. Add 
05” and .1” fillets and rounds as shown. 
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Work Plane1: 1.5” a 
away from YZ plane a 
(-1.5”) ~a 


Work Plane2: .75” 
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CHAPTER 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
Y Create lofts. 

V Create sweeps. 

V Develop 3D sketches. 


This chapter describes tools and applications for creating lofts and sweeps. Lofts 
and sweeps are sketched features that are often more complex than those you create 
using other common single-sketch or placed feature tools. This chapter also explains 
3D sketching, which expands your ability to create features. 


| loft: A feature that 
_ references and 

blends two or more 
- sections located on 
- different planes. 


A loft forms a feature from two or more sections. Figure 12-1 shows an example 
of a beverage glass built using a loft between square and circular sections. Loft 
sections independent of existing geometry are most often sketches. You can also use 
existing feature faces as loft sections without creating a sketch of referenced edges. 
The browser identifies face sections as Edges. For some applications, a combination of 
different types of sections is appropriate. See Figure 12-2. 

You usually create sketched loft sections on work planes or existing planar feature 
faces. For example, the circular section in Figure 12-1 is a sketch on a work plane 
offset from the default XZ plane. Another example is the circle in Figure 12-2, which 
was sketched on the default YZ plane between the existing extrusions. The multiple 
selections required to build a loft require planning, and sketch placement is especially 
important. 


= sections: Sketches 
and existing 

- feature faces used 
to develop loft 
features. 


There is no limit to the number of loft sections you can use. Loft 
section sketches must be closed loops unless you want to create a 
surface loft. Loft sections can be at any angle and can be located 
anywhere in space from other sections; they do not have to be 
parallel. 
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Figure 12-1. 

A beverage glass 
created by lofting a 
square sketched on 
the default XZ plane 
to a circle sketched 
on a work plane 
offset above the 
XZ plane. A shell, 
fillets, and rounds 
complete the part. 


Circular sketched section 


Loft blends to 
Square sketched section form a feature 


Figure 12-2. 

A—Extruded ellipse faces selectable as loft sections. B—A combination of feature faces and a 
sketch profile used to create a loft. C—A cabinet handle further developed using a loft from a 
feature face to a sketched circle to another feature face. 


Sketched section 


Feature face 
sections 


Ribbon 


Access the Loft tool to create a loft using the Loft dialog box. See Figure 12-3. Fewer 
Model 


options are available for creating a base feature than for building additional features. 
| Begin defining loft parameters by picking sections. You may be able to select each 
section using repeated picks. If not, or if you exit section select mode, pick the Click 
to add button in the Sections list box and continue to select sections. Pick sections in 
a logical, sequential order to ensure that the loft forms correctly. This is especially 
important when lofting between two or more sections and when it is necessary to 
adjust conditions and transition, as explained later in this chapter. Selected sections 
are listed in the Sections column, and a preview of the loft appears by default. 


If more than one possible sketch profile is available on a section 
sketch plane, you may have to pick the sketch and then pick the 
desired sketch profile. 


Typ 


[Ctri]+ [Shift]+[L] 
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Figure 12-3. 


The Curves tab of pices) iE ene 
the Loft dialog box. Curves | Conditions | Transition] Rails 
m [Re e i l radio button 
` Click to < l 
| Center Line 


radio button 


Area Loft 
| radio button 


Output == i T 
ry zee (]Closed Loop 
[È | Solids | E EV F]Merge Tangent Faces 


Enable/disable 
feature preview 


For clarity, it may help to pick loft sketches from the browser. 


You have the option of lofting closed profile sections as a solid or surface by picking 
the appropriate button in the Output area. You can loft open profile sections only as a 
volumeless surface. When you create a solid base feature, the only possible operation is 
to form a new solid body, as evident by the selected New Solid button. When you add a 
loft, the Join, Cut, and Intersect operation buttons are available for adding, removing, 
or combining material using the loft. 

To create a basic loft, you may now be ready to pick the OK button. For lofts that 
are more complex, the Loft dialog box includes several shape control and appearance 
options. Select the Closed Loop check box to place a closed loop control. In some 
cases, abrupt edges form between loft sections, resulting in an unacceptable shape. If 
your design requires a smooth loft, you may be able to remove the abrupt edges and 
create the desired shape by selecting the Merge Tangent Faces check box. 


- closed loop 

= control: A loft 

~ operation that fixes 
the first and last 

= section together; 
available only when 


using rails. 
Exercise 12-1 
Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 12-1. 
Rails 
A rail is a guide that lofts follow during blending. See Figure 12-4. A rail can be Ẹ rail: A 2D or 3D 


sketched curve 

_ used with sections 
_ to manipulate and 
_ further control the 
- loft shape. 


a 2D or 3D sketched curve and must intersect a point on each loft section. You can 
create as many rails as needed to establish the desired loft shape. The following steps 
represent a typical approach to creating a loft using 2D rails: 

1. Add a work plane if an appropriate sketch plane on which to sketch the rail is not 
available. 

2. If necessary, add work points on each section to help define the location where 
the rail intersects each section. Work points are not necessary if you plan to select 
existing sketch curve points. 

3. Open a sketch on the plane described in Step 1. 
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Figure 12-4. 

Examples of models lofted from the same sections to illustrate the impact of adding a rail. 
A typical loft without a rail blends sections together from one section to another, along the 
straightest path between the sections. 


Rail (visible sketch) 


Loft without a Rail Loft with a Rail 


4. Project sketched section points, such as curve endpoints or previously created 
work points, onto the sketch plane to define the location at which the rail inter- 
sects each section. 
5. Use sketch curve tools to create the rail. Be sure the rail intersects the projected 
point on each of the sketched sections. See Figure 12-5. 

. Repeat Steps 1 through 5 as needed to create additional rails. 

. Access the Loft tool, pick the sections, and select the Rails radio button. Pick rails or 
use the Click to add button in the Rails list box to select rails if necessary. Selected 
rails list in the Rails column, and a preview of the loft appears by default. 


NO 


Figure 12-5. 


Creating a 2D loft rail. 
Work point used to 
project rail endpoint 
Rail created 
using Spline tool Projected rail endpoint 
Section 2 Section 1 

Work point used to 
project rail endpoint 


Work plane/sketch plane 


Projected rail 
endpoint 
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Rails should be as smooth and uncomplicated as possible. You may 
not be able to generate a loft that contains very abstract rails. 


Centerline 


A loft centerline is similar to a rail, but occurs along the center path of the loft 
operation. See Figure 12-6. Typically, a centerline is constrained to the center of sections. 
However, unlike rails, a centerline does not need to intersect sections. Once you add 
a centerline, access the Loft tool, pick the sections, and select the Center Line radio 
button. Pick the centerline or use the Select a Sketch button in the Center Line list box 
to select the centerline if necessary. The selected centerline is listed in the Center Line 
column, and a preview of the loft appears by default. 


| loft centerline: A 
' rail that acts asa 
_ path for blending 
= sections along 

~ and symmetrically 
around the 

' centerline sketch. 


Figure 12-6. 
Using a 2D loft centerline to control the shape of a loft. 


Eeicaghens The default straight-line transition between 


sections without using a centerline 


Centerline 


Loft transition controlled by a centerline 
to create the desired feature 
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placed sections: 
Loft sections 
created without 

a sketch and 
placed along a 


selected centerline: 


calculated based 
on the loft cross 
section at the 
selected location. 
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Exercise 12-2 


Area Lofts 


An area loft uses a centerline and allows you to modify the cross-sectional area 
of selected sections and additional placed sections to adjust the size and shape of the 
loft. Create loft sections and a centerline exactly as you would to loft with a centerline. 
Then access the Loft tool, pick sections, and select the Area Loft radio button. 

Pick the centerline or use the Select a Sketch button in the Center Line list box to 
select the centerline if necessary. A preview of the loft appears, along with the position 
and cross-sectional area of each selected section. See Figure 12-7A. You can now pick 
points along the centerline to place sections if necessary. See Figure 12-7B. If you exit 
the placed sections select mode, select the Click to add button in the Placed Sections 
list box to select the placed sections. 

The Section Dimensions dialog box, shown in Figure 12-7B, appears when you 
define a placed section. The Driving Section radio button is active by default and allows 
you to change the cross-sectional area using the options in the Section Size area. Pick 
the Driven Section radio button to display the section for reference only and disable 
the Section Size area. 

The options in the Section Position area allow you to locate placed sections 
precisely. The beginning of the loft, at the first selected section, is at a position of 0. 
The end of the loft, at the last selected section, is at a position of 1. The Proportional 
Distance radio button is active by default and allows you to specify a location in the 
text box based on a fraction between 0 and 1. For example, enter .5 to place the section 
halfway between the start and end of the loft. Pick the Absolute Distance radio button 
to specify a distance from 0 in the text box. 

The Section Size area controls the cross-sectional area of the section, which influ- 
ences the shape of the loft. Increasing a section area “bulges” the loft, while reducing 
the section area indents the loft. See Figure 12-7C. The Area radio button is active 
by default, allowing you to specify a cross-sectional area value in the text box. Pick 
the Scale radio button to specify a scale factor in the text box. The default scale is 1. 
Increase or decrease the scale to increase or decrease the section area. 

Pick the OK button to exit the Section Dimensions dialog box. You can modify 
the dimensions of any section, including non-placed sections, by double-clicking on 
the dimensions or right-clicking on the dimensions and selecting Edit. Delete a placed 
section from the Placed Sections list box by pressing [Delete], or right-click on the 
dimensions and pick Delete. 


You cannot modify the position of non-placed sections using the 
Section Dimensions dialog box. The area of non-placed sections is 
initially set to Driven. 


Conditions 


The Conditions tab, shown in Figure 12-8, allows you to adjust the boundary 
characteristics of start and end sections, some rails, and point sections. Select an item 
from the list and make changes to the default condition by choosing an option from 
the Conditions flyout. Figure 12-8 shows conditions that might be available from the 
flyout. 
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Figure 12-7. 

A—Create an area loft using the same methods as a centerline loft. B—Placing and adjusting 
loft sections to modify the loft shape. C—A completed area loft with one placed section. 
Notice the difference in shape at the placed section from the preview shown in A and B. 
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Figure 12-8. 
The icons shown in the Conditions tab of the Loft dialog box adjust boundary conditions. 
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The Free Condition option is default and applies a 90° angle and a weight of 0. Pick 
the Direction Condition button to apply a direction condition to a 2D sketch profile 
section. Use the Weight text box to specify a unitless loft weight, from 0 to infinite, to 
further define the appearance of the loft. Weight is relative to the size of the loft feature. 
A weight too high may result in an undesirable loft shape. When you enter a small weight 
value, a more direct transition occurs between sketch profiles. See Figure 12-9. When 
you enter a larger number, a more indirect, meandering transition occurs between 
sketch profiles. The Angle text box is available when you enter a weight greater than 
0 and allows you to specify the angle between the faces that the loft creates and the 
selected sketch profiles. See Figure 12-10. 

The Tangent (G1) Condition, and Smooth (G2) Condition options are available when 
a section is a feature face, a sketch on a feature with projected face edges, or a sketch 
adjoining a lateral surface or body. Select the Tangent (G1) Condition option to place a 
tangent constraint between the section and the planar face on which you created the 
section. Select the Smooth (G2) Condition option to place a smooth constraint between 
the section and the planar face on which you created the section. Specify a unitless 
loft weight in the Weight text box to control the appearance of the loft, much like the 
tangent condition. 

The Sharp Point, Tangent, and Tangent to Plane options are available when a 
section is a point. The default Sharp Point condition creates a direct loft from a section 
to a point, without boundary condition. See Figure 12-11A. Select the Tangent option 
to create a rounded point by applying a tangent constraint between the planar section 
and point. Use the Weight text box to specify a unitless loft weight. A higher weight 
value creates a rounder point section. See Figure 12-11B. Select the Tangent to Plane 
option to create a rounded, but flattened point based on the orientation of a selected 


Figure 12-9. 
These models were identical until the loft weight was changed. 


Weight = 0 Weight = 10 Weight = 25 


Figure 12-10. 
Examples of the effect of changing the angle on loft formation. 
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Figure 12-11. 
A—A loft created using a point as a section and the Sharp Point condition. B—A Tangent 
condition with a weight of 4. C—A Tangent to Plane condition with a weight of 4. 


gee Point section 


Point section 


Point section 


Selected plane (face) 
C 


plane or face. After you pick the Tangent to Plane button, select a plane or face. Use 
the Weight text box to specify a unitless loft weight. A higher weight value creates a 
rounder and flatter point section. See Figure 12-11C. 


Exercise 12-3 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 12-3. 


Transition 


The options on the Transition tab help ensure that complex lofts generate correctly 
by mapping transition points. See Figure 12-12. Inventor attempts to apply a logical 
transition by default with the Automatic Mapping check box. However, the automatic 
mapping function may select the incorrect transition points, causing the loft to build 
an incorrect feature. Manual point mapping usually takes care of this problem by 
allowing you to align sketch sections and correctly specify the loft path according to 
selected points on each section. 


Figure 12-12. 
An example of when automatic mapping, the default loft transition, creates an inappropriate 
feature. Notice the difference in shape with correct transition applied. 


Loft Sections Incorrect Default Correct Modified 
Loft Transition Loft Transition 
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To map points on each section, deselect the Automatic Mapping check box to display 
all automatic transition paths, or point sets, in the Point Set column and in the graphics 
window. See Figure 12-13A. The Map Point column indicates the points associated 
with the selected point set, in the sequence of section selection. The Position column 
identifies the map point location relative to the line on which it occurs. A position of 0 
defines one end of the line, and a position of 1 defines the opposite end of the line. For 
example, to place a map point in the middle of the line, enter a position of .5. 

One option for redefining automatic map points is to pick the point set to modify 
from the Point Set column, which highlights the point set in the graphics window. 
You can then move the cursor over the map point to move, and without clicking on 
the point, move the point to the desired location and pick. Another option is to adjust 
specific map points by entering a new position for the points in the corresponding 
Position text box. 

In some cases, if the loft is extremely twisted and numerous incorrect points have 
been calculated, it may be easier to remove all automatic point sets and create new 
sets, or to remove and modify all but one or two point sets. Pick a point set to remove 
and press the [Delete] key. To create a point set, pick the Click to add area in the Point 
Set list box. Then select a point on each section in sequential order. Usually, you can 
pick any available point on a sketch, but it is very important that you choose corre- 
sponding points on each sketch. See Figure 12-13B. Pick the OK button to generate the 
loft feature. 


Figure 12-13. 

A—Deselect the Automatic Mapping check box to see the list of point sets and to change the 
position of any incorrect point sets. B—Replacing existing point sets with new point sets. Use 
as many point sets as required to indicate the correct transition. Notice the incorrect map 
point positions shown in A compared to the correct map point positions shown in B. 
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Exercise 12-4 m 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 12-4. 


A sweep forms a feature by shaping a profile along a path. Figure 12-14 shows 
an example of a tubular frame rail built using a sweep. A sweep requires a sketched 
profile, similar to the profile needed for an extrusion, and a sketched path. To ensure 
that a sweep generates without errors, the profile and path should intersect. Some- 
times, an intersecting profile and path is not necessary, but Inventor will display a 
message asking if you want to proceed with the sweep operation. If the sweep does not 
form, modify the sketches so that the profile and path intersect. 


| sweep: A feature 

_ created by guiding, 
- or sweeping, a 
sketch profile along 
a sketch path. 


Typically, a coincident constraint establishes a proper profile and 
path intersection. The profile and path do not need to be perpendic- 
ular, although a perpendicular relationship is common and often Ribbon 
appropriate. ) 
Access the Sweep tool to create a sweep using the Sweep dialog box. See Figure 12-15. | 
The profile and/or path may be selected automatically when you create a basic sweep 
feature. If not, use the Profile and Path buttons and select the profile and path. The 
Optimize for Single Selection check box is active by default, aiding in the selection 
process. A preview of the sweep appears by default. 


If more than one possible sketch profile or path is available, you 
may have to pick the sketch and then pick the desired sketch profile 
or path. 


Figure 12-14. 
A tubular frame rail created by sweeping a circle sketched perpendicular to a sketched path 
of lines and arcs. Additional features complete the part. 


Sweep profile 


Sweep path 
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Figure 12-15. 
Use the Sweep dialog box to create a sweep feature. Select an option from the Type area drop- 
down list to use a guide rail or surface. 
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You have the option of sweeping a closed profile as a solid or surface by picking 
the appropriate button in the Output area. You can sweep an open profile only as 
a volumeless surface. When you are creating a solid base feature, the only possible 
operation is to form a new solid body, as evident by the selected New Solid button. 
When you add a sweep, the Join, Cut, and Intersect operation buttons are available for 
adding, removing, or combining material using the sweep. 

Options in the Type area further define the sweep shape. The Path type is the 
default and creates a basic sweep feature based on a profile and path. Choose the Path 
radio button to produce a sweep that maintains a perpendicular constraint between 
the profile and path. Pick the Parallel radio button to create a sweep that becomes 
parallel to the profile when the path is not perpendicular to the profile. Figure 12-16 
shows the difference between the Path and Parallel options. 

When using the Path option, you can specify a taper angle using the Taper text 
box. The taper angle defines the increasing or decreasing taper of the sweep profile 
as it follows the sweep path. The default angle of 0 applies no taper, resulting in a 
feature completely controlled by the sketch profile. A positive or negative taper angle 
constantly increases or decreases the size of the sweep profile. See Figure 12-17. 


Figure 12-16. 

The profile of a sweep feature created using the Path option maintains a perpendicular 
constraint between the profile and the path. The Parallel option of the Path type produces a 
different sweep, even with the same profile and path. 


Path option (top view shown) Parallel option (top view shown) 


Inventor and Its Applications 2010 


Figure 12-17. 
These models compare the effects of positive and negative taper angles. 


Start of sweep (profile) 


End of sweep 
Positive Taper Angle Negative Taper Angle 


Guide Rail 


Choose Path & Guide Rail type to include a guide rail with the sweep definition. Ẹ iderat eae 
Use the Guide Rail button to select a 2D or 3D sketch guide rail. Profile scaling controls {f used with the sweep 
the shape of a guide rail sweep. Pick the X & Y radio button to scale the sweep horizontally f path to manipulate 
and vertically along the path. Choose the X radio button to scale the sweep horizon- f the shape of a 
tally along the path. Select the None radio button to eliminate scaling. Figure 12-18 ~ “°°? 


shows examples of each profile scaling option. 


Guide Surface 


Pick Path & Guide Surface type to direct the form of a sweep along a guide surface. 
A guide surface is often required when a sweep profile follows a path along a complex 
surface. Use the Guide Surface button to select the surface. Figure 12-19 shows an 
example of when a guide surface is required to produce the correct sweep shape. Pick 
the OK button to generate the sweep feature. 


| guide surface: A 
surface that helps 
- control the shape 

. of a sweep along a 
-= complex path. 


Figure 12-18. 
Using a guide rail to produce a sweep feature. 
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Figure 12-19. 
Using a guide surface to direct the shape of a sweep. 


Path sweeps do not form 
according to the shape of 
an irregular surface 


When a surface is selected, the sweep 
adjusts to, or in this example twists, 
. according to the shape of the surface 


Selected surface 


Exercise 12-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 12-5. 


3D sketches are required whenever it is not possible or is too difficult or time- 
consuming to build features using 2D sketches. 3D sketches significantly enhance your 
ability to produce features, including lofts and sweeps. Lofts use 3D rails and center- 
lines. Sweeps use 3D paths, rails, and guide surfaces. Sweeps that use 3D sketches are 
common for producing multi-axis parts and routing wires or pipes around existing 
components in an assembly. See Figure 9-20. 

The main difference between lofting and sweeping with a 2D or 3D sketch is the 
process of creating sketches. The feature tools behave essentially the same. When 
preparing a loft, consider constructing 3D rails or a centerline first, so you can use the 
sketch geometry to position 2D sketch sections. Then access the Loft tool to generate 
the loft. When preparing a sweep, consider constructing a path, guide rail, and espe- 
cially a guide surface before sketching the profile. Then access the Sweep tool to form 
the sweep. : 
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Figure 12-20. 

A—A fishing hook 
built from a sweep 
with a 3D path. 
B—A wire harness 
assembly with 
parts built using 3D 
sweeps. 


Use the 3D Sketch tool to begin a 3D sketch. The 3D sketch environment offers 
tools specifically for 3D sketching, but you will recognize many of the tools from 
the 2D sketch environment. The Line, Spline, Three Point Arc, Center Point Arc, and 
Point, Center Point tools are available for creating 2D and 3D sketches, but they behave 
differently in the 3D sketch environment because you are sketching in 3D space, not 
on a flat plane. Other tools, such as constraint and modification tools, act the same in 
2D and 3D sketches. Remember, however, that when you use any tool in the 3D sketch 
environment, objects may not be on the same plane. Finish a 3D sketch as you would 
a 2D sketch. 


Curves and Points 


Access the Line, Spline, Three Point Arc, or Center Point Arc tool to create the 
corresponding 3D curve. Access the Point, Center Point tool to place sketch center 
points or sketch points. The Inventor Precise Input toolbar appears by default when 
you access any of these tools, allowing you to specify precise X, Y, and Z point coordi- 
nates. You can use the Inventor Precise Input toolbar or just pick points in space. Then 
add constraints as needed. Another option is to select existing points. All of these 
tools are available on the 3D Sketch ribbon tab, which appears when you activate the 
3D Sketch tool. 


The 3D Snap Spacing area on the Modeling tab of the Document 
Settings dialog box allows you to set default 3D snap settings. Enter 
a value in the Distance Snap text box to set the snap spacing for 3D 
sketching. Enter a value in the Angle Snap text box to set the snap 
spacing for angles when preparing 3D sketches. 


Inventor Precise Input Toolbar 


When you access 3D curve or point tools, the Inventor Precise Input toolbar and 
triad automatically appear. See Figure 12-21. You do not have to use the Inventor 
Precise Input toolbar or triad to locate points; you can just pick locations in space. 
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Figure 12-21. 
The Inventor Precise Input toolbar and triad appear when you sketch a line or spline in the 3D 
sketch environment. 
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However, the Inventor Precise Input toolbar is effective for positioning points. Using 
the Inventor Precise Input toolbar involves entering values in the X, Y, and Z text boxes 
for each point. Type the value of the X coordinate in the X text box, the Y coordinate in 
the Y text box, and the Z coordinate in the Z text box, and then press [Enter] to locate 
the point. 

The Delta Input button is active by default, allowing the triad to follow each point. 
The coordinates you enter are relative to the triad, or temporary origin. As a result, the 
first point of any new object is located at the temporary origin. For example, to sketch 
a line that begins at the default center point and ends at coordinates 1,3,3, enter 0 in the 
X, Y, and Z text boxes and press [Enter] to locate the first point. Next, type 1 in the X text 
box, 3 in the Y text box, and 3 in the Z text box, and press [Enter] to locate the second 
point. To continue the line to end at 3,5,5 in reference to the model origin, type 2 in the 
X text box, 2 in the Y text box, and 2 in the Z text box, and press [Enter] to locate the third 
point. Press [Esc], right-click and pick Done, or access another tool to exit. 

Use the Precise Redefine button to adjust the position or orientation of the triad. 
Pick the triad sphere followed by a point to relocate the triad origin. Pick a triad axis 
followed by a line, curve, or point to align the axis with the selection. Pick the Reset to 
Origin button to return the triad to the model origin, allowing you to specify coordi- 
nates in reference to the origin instead of the triad. 


You can select a triad plane to add a 0 to the X, Y, or Z text box and 
define the location of a point according to the selected plane. 


Referencing Points 


Pick work points, sketch points, or linear feature edge endpoints and midpoints to 
locate 3D points. You can also pick a circular feature edge to locate a point at the center 
of the edge. This is an effective way to reference the center of a circular edge, such as a 
cylinder, without adding a point or creating a sketch. Pick points in sequential order. 
A coincident constraint links the curve or point with the selection. Press [Esc], right- 
click and pick Done, or access another tool to exit. Figure 12-22 shows an example of 
picking work points to create a 3D sweep path using 3D lines. You can accomplish the 
sweep path using the Inventor Precise Input toolbar and triad. Figure 12-23 shows an 
example of picking feature edge endpoints and midpoints to create a 3D sweep path 
using a continuous closed tangent spline. 
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Figure 12-22. 

An example of picking work points to position the ends of 3D lines to use as a sweep path. 
You can use the Inventor Precise Input toolbar and triad to sketch the same path without 
creating work points. 
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Figure 12-23. 

An example of picking existing feature endpoints and midpoints to position the points of a 
3D spline to use as a sweep path. This sweep uses a cut operation. Notice the rounds added 
before the sweep operation. 
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Helical Curves 


Use the Helical Curve tool to create a sketch helix. Sketch helixes are most 
commonly used to form loft rails or a centerline, or a sweep path or guide rail. The 
Coil tool creates similar features, without an extra 3D sketch, but limits your ability to 
construct certain shapes, such as the loft shown in Figure 12-24. 


sketch helix: A 
winding spiral shape 
_ primarily used to 

_ create springs, 

_ detailed threads, 

- and similar items. 


Ribbon 


Use a helical curve to create a sweep in which the sweep profile spirals 
along the helix path, perpendicular to the helix. To create a sketch 
profile perpendicular to the helix curve, sketch on a work plane posi- 
tioned by picking the helix and the helix start point or endpoint. 


| Helical Curve _ 


Access the Helical Curve tool to display the Helical Curve dialog box and the 
Inventor Precise Input toolbar and triad. See Figure 12-25. The first phase of helix 
sketching involves specifying the start point of the helix axis, followed by the axis 
endpoint, and finally the helix start point, where the spiral begins. Use the Inventor 
Precise Input toolbar, pick points in space, or pick existing sketch or feature points. See 
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Figure 12-26. The helix values you specify, or those that Inventor calculates, such as 
height and diameter, ultimately define the size and location of the helix. 

After you locate helix points, use the options in the Helix Shape and Helix Ends 
tabs of the Helical Curve dialog box to adjust the helix shape and ends. The Helical 
Curve dialog box includes essentially the same options as the Coil dialog box, with the 


Figure 12-24. 
A loft created using a sketched helical curve as a centerline. The sections in this example are 
sketches on work planes created by picking the helix endpoint and the helix curve. 
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Figure 12-25. 
The Helical Curve dialog box, Inventor Precise Input toolbar, and triad appear when you 
access the Helical Curve tool. 
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addition of the Diameter setting in the Helix Shape tab. The Spiral helical shape type, 
which is similar to the Spiral option of the Coil tool, allows you to create a helical shape 
without any height or optional taper. See Figure 12-27. Pick the Apply button to create 
the helix. Continue forming helixes, or pick the OK button, press [Esc], right-click and 
pick Done, or access another tool to exit. 


Figure 12-26. 

A—An example of a helix placed using coordinates entered in the Inventor Precise Input 
toolbar. B—A common application of picking cylinder edges to place the helix axis through 
the center of a cylinder. 
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Figure 12-27. 
A loft created using a sketched spiral helical curve as a centerline. The sections in this example 
are sketches on work planes created by picking the helix endpoint and the helix curve. 
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Exercise 12-6 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 12-6. 


Bends 


Some applications, most often sweep paths, require a radius, or corner bend, at 
the intersection of 3D curves. Access the Bend tool to add a corner bend using the 
Bend dialog box. See Figure 12-28. Specify a bend radius using the text box, and if 
| necessary, select the Equal button to create bends with equal radii without adding 
additional dimensional constraints. Then select the intersecting corners of curves or 
the two curves to bend. 

You have the option of automatically creating corner bends while sketching 
connected lines by picking the Auto-Bend with 3D Line Creation check box in the 
Sketch tab of the Application Options dialog box. Then use the Auto-Bend Radius text 
box in the Sketch tab of the Document Settings dialog box to set an automatic bend 
radius. Deselect the Auto-Bend with 3D Line Creation check box, or access the Line tool, 
right-click, and pick Auto-Bend to deactivate automatic corner bending. 


| a wre 
Bend options do not apply to splines, but spline adjustment options 
are available. 


Exercise 12-7 


Access the Student Web site (www.g-wlearning.com/CAD) and | 
complete Exercise 12-7. 


Including Geometry 


i ‘ Converting 2D sketch geometry or model elements into 3D sketch geometry is one 
—_e of the easiest methods of preparing a 3D sketch. Access the Include Geometry tool and 


pick items to add to the 3D sketch. You can select 2D sketch shapes or feature edges. 
= Press [Esc], right-click and pick Done, or access another tool to exit. 


Include Geometry 


Exercise 12-8 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 12-8. 


Figure 12-28. 
Creating a 3D sketch 
bend using the Bend 
dialog box. 


Select the corner or 
individual lines to add a bend 
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Intersection Curves 


Access the 3D Intersection Curve tool to place a 3D curve at the intersection of two 
surfaces, planes, or faces using the 3D Intersection Curve dialog box. See Figure 12-29. 
Pick the first surface, plane, or feature face, followed by the second surface, plane, or 
feature face. To redefine the first or second selection, pick the 1 or 2 button and then 
choose the new surface. Pick the OK button to generate the sketch shape. 


Silhouette Curves 


The Silhouette Curve tool constructs a curve around the widest geometry of a 
solid body, according to a specified direction. Depending on the model, the curve may 
form at a point of tangency. Figure 12-30 shows an example of using the Silhouette 
Curve tool to form a sweep path. Another common application is developing a parting 
line for molded product design. The Silhouette Curve tool calculates the widest point 

-on the part, from which draft always falls, making the tool especially effective for situ- 
ations when you cannot use a plane to specify the parting line or surfaces. 

The Create Silhouette Curve dialog box appears when you access the Silhouette 
Curve tool. If the model contains a single solid body, the body is selected by default. 
Otherwise, use the Body button to select a body to assign the curve. Then use the 
Direction button to specify where the curve forms. In molded product design, the 
direction is the pull direction. Pick a face or plane perpendicular to the direction, or 
select a line, edge, or axis collinear to the direction. Pick the Apply button to create the 
curve. Continue forming curves, or pick the OK button, press [Esc], right-click and pick 
Done, or access another tool to exit. 


Figure 12-29. 
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Figure 12-30. 
The Silhouette Curve tool is effective for constructing a curve at the widest points of a model. The 
example shown is a sweep path, but it could easily be a parting line for a molded product design. 
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The Boundary Path and Split tools, described in Chapter 13, are often 
used with the Silhouette Curve tool to design molded components. 


Exercise 12-9 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 12-9. 


Curve Projection 


Access the Project Curve to Surface tool to project a curve onto a surface to create 
a 3D sketch profile using the Project Curve to Surface dialog box. See Figure 12-31. Use 
the Faces button to choose the surface faces on which to project the curve. Next, pick the 


Figure 12-31. 
A—The Project Curve to Surface dialog box. B—Projecting a curve onto a surface using the 
Project Along Vector output method. 
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Curves button and select the curves to project. A curve is usually a 2D sketch shape. You 
can select multiple curve profiles, as long as they are on the same sketch plane. 

The projection option shown in Figure 12-31 uses the Project Along Vector button 
to project the curve onto the surface using a vector direction. Choose the Direction 
button and select the vector direction, which can be an existing linear feature edge or 
a work axis. Pick the Apply button to project the curve and remain in the Project Curve 
to Surface tool, or select the OK button to project the curve and exit. 

The projection option shown in Figure 12-32 uses the Wrap to Surface button to 
wrap the curve along and around the surface based on the tangent relationship of 
the surface and the curve. No additional selection is necessary. Pick the Apply button 
to project the curve and remain in the Project Curve to Surface tool, or select the OK 
button to project the curve and exit. 


In Figure 12-33, the Project to Closest Point button is used to project the curve onto ` 


the surface according to the closest distance from the curve to the surface. No addi- 
tional selection is necessary. Pick the Apply button to project the curve and remain in the 
Project Curve to Surface tool, or select the OK button to project the curve and exit. 


Figure 12-32. 
Projecting a curve onto a surface using the Wrap to Surface output method. 
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Figure 12-33. 
Projecting a curve onto a surface using the Project to Closest Point output method. 


2D sketched curve in að Loft created using 
— á 2D and 3D 
sketch sections 


Chapter 12 Lofts, Sweeps, and 3D Sketching 


Ribbon 


Project Curve 
to Surface 


321 


Chapter Test 


> Answer the following questions. Write your answers on a separate sheet of paper 
er xe to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 


chapter test. 


Define loft. 

What are sections? 

Describe a closed loop control and specify when it is available. 
Brietly describe a rail. 

Give the basic function of a loft centerline. 

What are placed sections and how are they calculated? 

Detine sweep. 

Identity twe characteristics required to create a sweep? 

What must occur to be sure that a sweep generates without errors? 


| Briefly describe a guide rail. 


What is a guide surface? 


. Describe the basic function of a sketch helix. 


What is the purpose of the Silhouette Curve tool? 
Whatis a parting line? 
In melded part design, what is the pull direction? 
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Problems 


1—3 Instructions: 


e Open the specified part file, and save the file using the given name. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


1. File: EX12-1.ipt 

Save as: P12-1.ipt 

Title: NOZZLE 

Specific Instructions: 

A. Open a 2D sketch on Facet and offset the projected edges 50 mm. 

B. Open a 2D sketch on Face2 and offset the projected edges 15 mm. 

C. Use the Loft tool to create a loft. Use a cut operation and specify Sketch3 and 
Sketch4 as sections. Apply a free condition for the Sketch3 section. Use a direc- 
tion condition for the Sketch4 section with a 90°angle and 100 ul weight. Leave 
all other values set as default. 

D. Add all fillets and rounds using a radius of 5 mm. The final part should look 
like the part shown on the right. 
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MAsasic || 2. File: EX12-7.ipt 
“a Save as: P12-2.ipt 
| Title: HELIX 

Specific Instructions: Open a 2D sketch on the face shown and sketch the geom- 
etry shown. Make the 3D sketch of the helix visible for additional use. Sweep the 
new 2D sketch profile along the visible 3D sketched helix path. Use a cut operation 
and path type and orientation, and leave all other values set as default. Turn off 
the visibility of the 3D sketch. Edit the 2D sketch of the triangle, now consumed by 
the loft, to change the size of the triangle from 1.000 to .875. The final part should 
look like the part shown. 
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3. File: P7-3.ipt 
Save as: P12-3.ipt 
Title: STOP 


Specific Instructions: Create the 2D sweep profile sketch on the face shown. 
Create the 2D sweep path sketch on the face shown. Cut sweep the profile along 
the path as shown. Add the specified rounds. To add the knurled representation, 
hold down the [Ctrl] key and select the faces shown, seven total. Then right-click, 
pick Properties, and select the Metal-Steel (Knurled) face color style. Open a sketch 
on the XY plane and sketch the geometry shown. Slice the graphics to see the 
sketch plane. Cut-extrude the sketch .065” midplane. 
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4—8 Instructions: 


Create sketches of the following objects 

Develop sketch geometry from the projected center point. 

Infer as many geometric constraints as possible and appropriate. 

Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 

Use the information in the status bar to create objects the approximate size given by 
the dimensional constraints. 

Add the dimensional constraints shown. 

Add as much information as possible to the iProperties dialog box. Assign the speci- 
fied material and color to the part. 

Follow the specific instructions for each problem to create the features. 


Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


4. Title: 90° REDUCING ELBOW 
Units: Inch 
Template: Part-IN.ipt 
Part Number: |AA-024-01 
Project: SPOUT 
Material: Brass, Soft Yellow 
Color: Nickel (Bright) 
Save as: P12-4.ipt 
Specific Instructions: Sketch a @2” circle around the projected center point on 
the XZ plane. Open a new sketch on the XY plane and sketch the arc shown. 
Use the Sweep tool to create a solid sweep feature and —6° taper angle. Leave all 
other values set as default. Shell the sweep feature to create 125” thick walls, and 
remove the end faces. Add .1” chamfers to the end edges. The final part should 
look like the part shown. 


2.000 


Horizontal 
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5. Title: FORK BODY bf intermediate | 
Units: Metric O 
Template: Part-mm.ipt 
Part Number: IAA-025-01 
Project: FORK 
Material: Stainless Steel 
Color: As Material 
Save as: P12-5.ipt 
Specific Instructions: Sketch a 4 mm x 4 mm rectangle centered around the 
projected center point on the YZ plane. Open a new sketch on the XY plane, and 
sketch the geometry shown. Use the Sweep tool to create a solid sweep feature 
using Sketch! as the profile and Sketch2 as the path. Leave all values set as default. 
Open a sketch on Face1, and project the edges. Extrude Sketch3 150 mm in the 
positive direction. Place 2.5 mm x 15 mm chamfers on the front edges of the fork, 
as shown. Add all fillets using a radius of 2 mm. Add all rounds using a radius of 
0.5 mm. The final part should look like the part shown. 


15 


Projected 
center point 


Chamfers 


ei 
= 
. 
g 
+ 
a 
G 
Æ 
2) 
i 
a] 
E 
2 
2 
© 
- 
a. 


Chapter 12 Lofts, Sweeps, and 3D Sketching 397 


\ A intermediate] | 6. Title: HANDLE 

Units: Inch 
Template: Part-IN.ipt 
Part Number: !AA-026-01 
Project: HARDWARE 
Material: Default 
Color: Default 
Save as: P12-6.ipt 
Specific Instructions: Create the sketch shown on the XY plane. Extrude the 
sketch (two profiles) .5” in the positive direction. Offset a work plane 1.75” from 
the YZ plane. Sketch the geometry shown on the work plane. Use the Loft tool to 
create the loft feature shown by selecting Facet, followed by Sketch2, followed by 
Face2 as the loft sections. Apply a join operation, and leave all other values set as 
default. Place the specified holes in the centers of the extrusion bases, as shown. 
The final part should look like the part shown. 
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7. Title: WIRE 
Units: Inch or Metric 
Template: Part-IN.ipt or Part-mm.ipt 
Part Number: IAA-027-01 
Project: WIRE 
Material: Default 
Color: Default 
Save as: P12-7.ipt 
Specific Instructions: Create an extrusion similar to the extrusion shown. Using 
the 3D sweep techniques described and the following information, create a wire 
similar to the wire shown. Open a 2D sketch and sketch a circle for the wire 
profile. Finish the 2D sketch. Open a 3D sketch, and offset the required work 
planes. Use the work planes to place work points, similar to the work planes and 
points shown. Connect the work points with a line and bends. This creates the 
sweep path. Finish the 3D sketch. Access the Sweep tool and generate the sweep 
feature. The final part should look similar to the part shown. 
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bd Advanced 8. Title: TILLER BLADE 

U Units: Inch or Metric 
Template: Part-IN.ipt or Part-mm.ipt 
Part Number: !AA-028-01 
Project: TILLER 
Material: Choose an appropriate material 
Color: Choose an appropriate color 
Save as: P12-8.ipt 
Specific Instructions: Create a tiller blade similar to the one shown according to 
the following information. Create four equally spaced work planes. Open sketches 
on the work planes and sketch rectangles at different angles. Loft the sketches 
using manual point mapping. Round the sharp end corners using the Fillet tool. 
Extrude a center support. Place a hole in the center of the center support. Use a 
circular pattern for the loft and fillet features. The final part should look similar 
to the part shown. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
V Create split features. 

Y Emboss and engrave. 

V Add decals. 

Y Use additional surface tools and techniques. 


Add splits, embossing, engraving, and decals to replicate specific manufacturing 
or modeling processes. You can also use these features, as you do others, in a more 
general way to develop a part model. This chapter also explores additional surface 
tools and techniques that expand your ability to create models. 


Ribbon 


A split feature is common in molded part design, but it is also suitable for many 
other modeling requirements. Before you can apply a split, you must establish or identify 
the split tool. One option is to reference a plane in the Origin folder of the browser. A split | 
tool can also be a work plane, 2D or 3D sketch, or construction surface. Figure 13-1 shows | 
examples of split tools. Access the Split tool to create a split using the Split dialog box. 
See Figure 13-2. 


| split: A feature 

~ that removes a 

` portion of a model 
_ or divides faces ata 
» separation sketch or 
` plane. 


Splitting Faces 

The Split Face button is active by default, allowing you to split feature faces 
without removing material or forming separate solid bodies. See Figure 13-2. The Split 
Face function is useful for many applications, such as applying draft, thickening, and 
offsetting. Use the Split Tool button to select the split tool. Select the Faces to Split 
button to split specific faces, and select the faces using the Faces button. Choose the All 
button to split all faces intersecting the split tool, and use the Faces button to select a 
solid body. Pick the Apply button to create the split. Continue splitting, or pick the OK 
button, press [Esc], right-click and pick Done, or access another tool to exit. 


split tool: The 

parting line, plane, 

_ or Surface where 

~ Separation occurs 
when you create a 

split feature. 
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Figure 13-1. 


If an origin plane is not appropriate, a split tool, or split separation definition, can be a work 
plane, sketch, or surface. 


Work Plane (Offset) Sketch (2D Line) 


Surface (Extrusion) 


Figure 13-2. 


Using the Split Face method in the Split dialog box to split a face. Draft is a common 
application for split faces. 
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You can access split faces using tools such as Face Draft, Move Face, 
and Thicken/Offset. In order to use the split faces for purposes such 


as developing sketch geometry, you must open a new sketch on the 
face and project the split edges. 


Exercise 13-1 i 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 13-1. 
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Trimming a Solid 


The Split tool also allows you to remove a portion of a solid using the Trim Solid 
button. See Figure 13-3. Use the Split Tool button to select the split tool. Then specify 
to the portion of the solid to be removed by picking one of the Side to Remove buttons. 
Pick the Apply button to create the split. Continue splitting, or pick the OK button, 
press [Esc], right-click and pick Done, or access another tool to exit. 

You can use the Trim Solid function as a general modeling tool or to develop two 
separate parts—for example, a top half and a bottom half. The following steps describe 
an example of the process for creating a top half part named Top.ipt and a bottom half 
part named Bottom. ipt using the Trim Solid function. 

1. Save the part with the split tool, but before applying the split. Name the file Top.ipt. 

2. Use the Split tool to remove the bottom side of the part. 

3. Use the Save As... tool to save the current part, Top.ipt, with the bottom section 
removed, using the name Bottom. ipt. 

4. The second file, Bottom.ipt, should be open. Right-click on the split in the browser 
and select Edit Feature. Select the opposite Side to Remove button to flip the trim, 
and pick the OK button. 

5. Save and close the active file. 
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The steps previously described for developing two separate halves 
of a part represent one possible technique. You may develop your 
own techniques, depending on the application. For example, you 
may want to save an additional Master.ipt file representing the part 
without the split. 


Exercise 13-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 13-2. 


eter eS 


Figure 13-3. 
Using the Trim Solid method in the Split dialog box to remove material from a solid. 


Trim Solid 
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Split tool _— h 
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Ribbon 


Emboss 


embossing: The 
process of raising 
shapes or text off 
the surface of an 
object that has 
volume, such as a 
block. 


| engraving: The 
process of cutting 


into, or impressing, 


| shapes or text into 
| the surface of an 
object that has 
volume. 
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pe 
Figure 13-4. 


Using the Split Solid method in the Split dialog box to create two separate solid bodies from a 


single solid body. Each solid is assigned a unique color to distinguish the features. By default, 
all solids use the same color. 


oF Separate 
i solid 


Separate 
solid 


Split Solid 
bpon Split tool A 
(origin plane) 
Splitting a Solid 


The Split tool also allows you to split a solid into two solids using the Split Solid 
button. See Figure 13-4. Use the Split Tool button to select the split tool. Pick the Apply 
button to create the split. Continue splitting, or pick the OK button, press [Esc], right- 
click and pick Done, or access another tool to exit. The primary function of the Split 
Solid option is to derive an assembly and two separate parts from a single part file, 
which is an alternative to the process described using the Trim Solid method. 


Deriving Split Solids 

For an introduction to deriving split solids to create separate parts 
and an assembly, go to the Student Web site (www.g-wlearning. 
com/CAD), select this chapter, and select Deriving Split Solids. 


The Emboss tool allows you to replicate embossing and engraving. As shown in 
Figure 13-5, the Emboss tool requires a sketch profile, which you can position on a face 
or an offset plane. The embossing or engraving projects onto the feature, even though 
the sketch may not actually be on the embossed or engraved face. Access the Emboss 
tool to display the Emboss dialog box. See Figure 13-6. If a sketch includes one profile, 
the profile is selected automatically. If a sketch contains multiple profiles, the Profile 
button is active, allowing you to pick the profile(s) to emboss and/or engrave. 
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Figure 13-5. 
Embossed and engraved features reference a sketch profile. The sketch plane can be on a face 
or an offset plane. 


Embossing 


Sketch on Face Engraving 


Figure 13-6. 
The Emboss dialog box with the Emboss from Face option selected. 


Emboss/Engrave from Plane button 


Engrave from Face button 


Emboss from Face button 


Top Face Color button 


Embossing 


The Emboss from Face button is active by default and creates an embossed feature. 
Specify the embossing depth using the Depth text box and, if needed, redefine the direc- 
tion by picking the appropriate direction button. By default, if you create an embossing 
from a curved surface, the embossing forms perpendicular to the sketch profile. To wrap 
the embossing around a curved face, pick the Wrap to Face check box and select the face. 
See Figure 13-7. To add a unique color to the top face of the embossing, pick the Top Face 
Color button to select a color from the drop-down list in the Color dialog box. Pick the 
OK button in the Emboss dialog box to generate the feature. 
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Figure 13-7. 
A—An example of an embossing that does not wrap to a curved face. B—Wrapping the 
embossing to the curved surface. 


Top View Top View 


Isometric View Isometric View 


A B 


Engraving 

Pick the Engrave from Face button to create an engraved feature. Specify the 
engraving depth using the Depth text box and, if needed, define the direction by 
picking the appropriate direction button. The Wrap to Face check box allows you to 
wrap the engraving around a curved face. Use the Top Face Color button to add a 
unique color to the engraved face. Pick the OK button to generate the feature. 


Embossing and Engraving from a Plane 


Pick the Emboss/Engrave from Plane button to emboss or engrave from the sketch 
plane at a specified taper angle. Specify a draft taper angle using the Taper text box. 
Then, if needed, define the direction by picking the appropriate direction button. 
Figure 13-8 shows examples of using different flip options and taper angles. Use the 
Top Face Color button to add a unique color to the embossed and engraved faces. Pick 
the OK button to generate the feature. 


| If the sketch you create extends past a curved face, you may have to 
pick the Wrap to Face check box in order to create an embossing or 
engraving. 


Exercise 13-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 13-3. 
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Figure 13-8. 

These parts use 

the same sketch 
profile, but different 
emboss/engrave 
settings. 


Sketch for Emboss/Engrave Embossing/engraving toward 
from Plane option the model with a taper of 0° 


qj 


Embossing/engraving away from Embossing/engraving in both 
the model with a taper of 15° directions with a taper of 10° 


_ decals: Images 

-= applied to a part or 
assembly to display 
information or 

- decorate a product. 


Several applications require decals, including product labels, tags, art, text, or 
seals. See Figure 13-9. Decals are sketched features, created from sketches that include 
an image, text, or spreadsheet file. A decal can represent a surface finish, similar to 
applying paint, or can be a separate part with its own properties, including a part 
number. You can add and constrain a decal part file to multiple assemblies. For example, 
Figure 13-10 shows an assembly of three individual parts. One of the components is a 
decal constrained, or applied, to one of the parts. 


Adding a decal to a part, instead of creating the decal as a sepa- 
rate part and inserting it into an assembly, is similar to painting 
or changing the color of a part. Typically, you would use this tech- 
nique if separate decal part properties, including an individual part 
number, are not required or you do not want to use the decal in 
different assemblies with multiple components. 
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Figure 13-9. 


Decal examples. 


Sticker 


Warning Label 


Decal Applied to Model 


Figure 13-10. 


Using a decal as a Part 

separate part in an 

assembly. 
Decal 
part 
Part 


Most existing part surfaces can receive a decal, such as the PULL TO RELEASE 
decal applied to the part shown in Figure 13-9, If you plan to create a single part decal 
for use in assemblies, you must produce a separate part to accept the decal. You can 
use a surface for this application, but a thin piece of material that represents the actual 
thickness of the decal, such as an extruded rectangle, may be more appropriate. See 
Figure 13-11. The part face that will receive the decal should be the same size as the 
decal. If the face is too small, the decal cuts off around the edges, and if the face is too 
large, the actual size of the sketched decal image may not display correctly. 


Decal Sketching 


You can position a 2D decal sketch on a face or an offset plane, as shown in 
Figure 13-12. In some cases, such as when the decal must wrap over complex geometry, 
it may be easier to generate a decal from a sketch offset from the feature face. A decal 
sketch includes an image, document, or spreadsheet file added using the Insert Image 
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Figure 13-11. 

A—Extruding a rectangle to create a realistic, separate decal part using a thin solid. B—You 
can apply a decal to a surface, such as the surface extruded from a line shown here, but the 
surface contains no mass. 


Extrusion thickness is the 
same as the label material 


Surfaces have 
no thickness 


tool. When you access the Insert Image tool, the Open dialog box appears, allowing you REZ 


to select the file to insert. Choose a supported image file or select a Microsoft® Word |*iean 


document or Microsoft® Excel spreadsheet. When inserting an image, you may find | Ta i 
A] 
! 


that .bmp files are supported best; other file types may not appear correctly. Pick the | 


OK button to insert the image into the graphics window. Pick a location for the image, | _ Insertimage _ 


and continue placing copies as needed. To exit, press [Esc], right-click and pick Done, 
or access another tool. 

An imported image has a rectangular boundary defined when the image is created. 
Drag a boundary corner to resize the image, or drag the entire image to a new location. 
Use constraints to specify the size and location of the image. However, notice that the 
image controls some dimensions. Right-click on the image and pick Properties to access 
the Image Properties dialog box. See Figure 13-13. Use the Rotate and Mirror buttons to 
rotate or mirror the image in reference to the specified image dimensions and constraints. 
Pick the Use Mask check box to display the image with a transparent background. 


Figure 13-12. a 
A—An example ' - 
of sketching on a rc a 
thin extrusion face. 
B—An example of 
sketching on a work 
plane tangent to a 
cylinder. Notice how 
most of the sketch 
does not touch the 
face to receive the 
decal. 


A 
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Figure 13-13. 
The Image 
Properties dialog 
box. 
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the image 


Using the Decal Tool 


Ribbon Once you finish the sketch, access the Decal tool to create the decal feature using 
poga the Decal dialog box. See Figure 13-14. The Image button is active by default, allowing 


> Create 


in you to pick the decal image sketch. The Face button then activates, allowing you to 
r2. choose the face on which to apply the decal. When placing a decal on a curved or 
Decal irregular shape, select the Wrap to Face check box to correctly fold, or project, the 
image around a nonlinear face. See Figure 13-15. To wrap the decal to multiple adja- 
cent faces, such as over an edge or on a chamfer, select the Chain Faces check box. See 
Figure 13-16. Pick the OK button to generate the decal. 


Exercise 13-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 13-4. 


Figure 13-14. 
The Decal dialog 
box. 
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Figure 13-15. 
Compare the 
distortion of a decal 
placed with and 
without wrapping to 
a curved face. 


Wrap to Face is off Wrap to Face is on 
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Figure 13-16. 
Placing a decal 
with and without 
chaining faces. 


Chain Faces is off Chain Faces is on 


You have already discovered how to create surfaces using a variety of tools, 
including the Extrude, Revolve, Coil, Thicken/Offset, Loft, and Sweep tools. To create a 
surface using these features, pick the Surface output type. Like work planes, surfaces 
help you develop model geometry that is difficult or impossible to produce otherwise. 
Figure 13-17 shows a common surface application—creating a termination area for 
other features. Figure 13-18 shows a similar application. This example shows splits 
and thickenings that reference surfaces to further develop the model. 

You can create surfaces using closed loop sketch geometry, such as the circle shown in 
Figure 13-18, or open loop sketches, such as the line and arc shown in Figure 13-17. Modify 
surface sketches as you would any other sketch. You can also add placed features, 
such as fillets and chamfers, to surface edges, as shown in Figure 13-19, and pattern 
surfaces using feature pattern tools. 

Surfaces appear semi-translucent by default. To display surfaces with an opaque 
appearance, much like other model geometry, right-click on the surface in the browser 
and deselect Translucent. To hide a surface, right-click on the surface in the browser 
and deselect Visibility. 


The Construction area in the Part tab of the Application Options 
dialog box includes an Opaque Surfaces check box that controls the 
default translucent or opaque display of surfaces. 


Figure 13-17. 
An example of using a surface to control the shape of an extrusion. 


Sketch placed on 
work plane surface 


y Cut extrusion 
Surface extruded | „7 to surface 
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Figure 13-18. 

A—Extruded and revolved surfaces created for construction purposes. The sketches are 
visible for reference. B—A circular patterned extrusion that extends past the surfaces. 
C—Using two separate split tools and the Split Part method to remove unnecessary 
geometry. D—Two thickening operations complete the part. Surface visibility is off. 
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Figure 13-19. 
Adding placed features, radii, and chamfers to a surface. 


Original Surface Surface with Placed Features 
(highlighted for clarity) 
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Additional Surface Tools 

For information about using other common surface tools and 
options, go to the Student Web site (www.g-wlearning.com/CAD), 
select this chapter, and select Additional Surface Tools. 


Exercise 13-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 13-5. 


® Chapter Test 


_ Answer the following questions. Write your answers on a separate sheet of paper 
> or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


. Define split and give an example of its use. 

. Regardless of the technique you use to split a feature, what must you do first? 

. Briefly describe embossing. 

. How is engraving different from embossing? 

Describe decals and give an example of their use. 

Briefly explain the benefits of creating a decal as a separate part file. 

What is a decal sketch? 

Briefly explain how you can adjust the size and properties of an imported image. 
What should you do if an image does not project correctly when you are placing a 
decal on a curved or irregular shape? 

What is the main purpose of surfaces in Inventor? 
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Problems 
SS SSS Ssh Uh 
1-2 Instructions: 


e Open the specified part file, and save the file using the given name. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


1. File: EX13-1.ipt 
Save as: P13-1.ipt 
Title: TITLE PLATE 
Specific Instructions: Open a sketch on the face shown and sketch the geom- 
etry text shown. Emboss the sketched text .0625”, and add the Blue top face color. 
Open a sketch on the same face and create the text shown without using a text 
box. Engrave the sketched text .03”, and add the Red top face color. The final part 
should look like the part shown. 
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2. File: P11-7.ipt bf Intermediate| 

Save as: P13-2.ipt 

Title: MUG 

Specific Instructions: 

A. Go to the Student Web site (www.g-wlearning.com/CAD) and select Chapter 13 in 
the Chapter Materials drop-down list. Download the GW_logo.bmp image file. 
Save the file in a location where you will be able to find it later. 

B. Create a work plane tangent to the cylindrical face shown by picking the face and 
the XY plane. Open a sketch on the work plane and insert the GW_logo. Constrain 
the image as shown. Create a decal of the image, wrapped to the mug face. 

C. Create a work plane tangent to the cylindrical face shown by picking the face 
and the XY plane. Right-click on the work plane and select Flip Normal to flip the 
work plane. Open a sketch on the work plane and insert the GW_logo. Constrain 
the image as shown. Create a decal of the image, wrapped to the mug face. 

D. Turn off the visibility of the work planes. The final part should look like the 


part shown. 
Projected top edges 
of cylinder 
Horizontal 
(image edge) 
Vertical (image 
midpoint) 
Projected 
center point 
Projected top 
edges of cylinder 


Vertical (image 
midpoint) 


Projected center point 
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3—8 Instructions: 


Create sketches of the following objects. 
Develop sketch geometry from the projected center point. 
Infer as many geometric constraints as possible and appropriate. 
Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 
e Use the information in the status bar to create objects the approximate size given by 
the dimensional constraints. 
Add the dimensional constraints shown. 
Add as much information as possible to the iProperties dialog box. Assign the speci- 
fied material and color to the part. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


3. Title: SOAP PATTERN TOP 
Units: Inch 
Template: Part-IN.ipt 
Part Number: IAA-029-01 
Project: SOAP PATTERN 
Material: Default 
Color: Default 
Save as: P13-3.ipt 
Specific Instructions: Sketch a 4”x 6” rectangle on the XZ plane. Extrude the 
sketch 3” in the positive direction. Offset a work plane —1.5” from the top face of 
the extrusion. Use the Split tool to split the extrusion using the Split Part method 
and using Work Planet as the split tool. Remove the bottom section. Open a new 
sketch on the bottom face of the split feature. Offset the projected edges of the rect- 
angle .5” as shown. Cut-extrude the sketch 1” in the positive direction. Add fillets 
using a radius of .5”. The final part should look like the part shown. 
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Units: Inch 

Template: Part-IN.ipt 

Part Number: |AA-029-02 

Project: SOAP PATTERN 

Material: Default 

Color: Default 

Save as: P13-4.ipt 

Specific Instructions: Open P13-3.ipt and save it as P13-4.ipt. In the P13-4.ipt file, 
delete Extrusion2 and Fillet. Right-click on Split! and select Edit Feature. Pick the 
opposite Side to Remove button, and remove the top half of the extrusion. Open 
a new sketch on the top face of the split feature. Offset the projected edges of the 
rectangle .5” as shown. Cut-extrude the sketch 1” in the negative direction. Add 
fillets using a radius of .75”. The final part should look like the part shown. 


4. Title: SOAP PATTERN BOTTOM EA intermediate 


5. Title: DECAL IMAGE Se ihtermedifis 
_ Units: Inch or Metric ’ 


Template: Part-IN.ipt or Part-mm.ipt 

Part Number: IAA-030-01 

Project: DECAL IMAGE 

Material: Default 

Color: Default 

Save as: P13-5.ipt 

Specific Instructions: Access an image file, such as a .bmp file, and create a sepa- 
rate part decal using the information described in this chapter. 


Problems - Chapter 13 
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6. Title: DECAL DOC 
Units: Inch or Metric 
Template: Part-IN.ipt or Part-mm.ipt 
Part Number: IAA-031-01 
Project: DECAL DOC 
Material: Default 
Color: Default 
Save as: P13-6.ipt 
Specific Instructions: Access a .doc or .xls file and create a separate part decal 
using the information described in this chapter. 


7. Title: FLOW INTERRUPTER 
Units: Inch 
Template: Part-IN.ipt 
Part Number: IAA-032-01 
Project: HIGH FLOW VALVE 
Material: Stainless Steel 
Color: As Material 
Save as: P13-7.ipt 
Specific Instructions: 


A. 


Open a 2D sketch on the XZ plane and sketch a .625” circle with a center 
point coincident to the projected center point. Surface extrude the sketch .25” 
midplane. 

Open a sketch on the YZ plane and sketch the geometry shown. Surface- 
revolve the sketch fully around the Y axis. 

Open a sketch on the XY plane and sketch the ellipse shown. Solid-extrude the 
sketch 2” in the positive direction. 

Use the Circular Pattern tool to pattern the extruded ellipse. Select the Y axis 
as the rotation axis, specify a count of 12, a fitted position method, and a 360° 
angle. 

Use two separate Split tool operations to trim the extrusions as shown, using 
the surfaces as split tools. 

Use the Thicken/Offset tool to thicken the extruded surface shown .0625” toward 
the center of the model. Select the inner surface created by the extrusion. 

Use the Thicken/Offset tool to thicken the revolved surfaces shown .03125” 
away from the center of the model. Select the three outer surfaces created by 
the revolution. 


- Turn off the visibility of the extruded and revolved surfaces. The final part 


should look like the part shown. 
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. Titles: CALCULATOR FACE and CALCULATOR BASE 


Units: Inch or Metric 
Template: Part-IN.ipt or Part-mm.ipt 
Part Numbers: IAA-033-01 (face) and I[AA-033-02 (base) 
Project: CALCULATOR SHELL 
Material: ABS Plastic 
Color: Gray 
Save as: P13-8FACE.ipt (face) and P13-8BASE. ipt (base) 
Specific Instructions: Create a calculator face and base similar to the face and 
base shown. Generate the parts using the techniques described in this chapter and 
previous chapters. Although you may develop your own methods for creating 
the calculator parts, you may want to refer to the following information for 
assistance. 
- Extrude the entire calculator (face and base intact). 
Add fillets. 
Add work planes or a sketch to define the split parting line. 
Save the part as P13-8FACE.ipt. 
Split the feature and remove the bottom (base) section. 
Create button slots by cut-extruding rectangles. Use a rectangular pattern to 
create certain button slots. 
Place holes and add fillets. 
. Save the part as P13-8BASE.ipt and edit the split to remove the top (face) 
section. 
Extrude the base feet. 


OO > 


Za 


= 


Inventor and Its Applications 2010 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
Y Create and insert iFeatures. 
¥ View and manage iFeatures. 


| iFeature: A stored 
_ feature or group of 
' features you can 

- insertin a part as a 
feature. 


An iFeature is an example of a catalog feature that you save for repeated use. 
Figure 14-1 shows an example of an iFeature, consisting of several features, added to an 
extrusion. You have the option of inserting an iFeature using the original size and posi- 
tion of features, or adjusting the features according to unique design requirements. 


catalog feature: 

A feature, part, or 

assembly stored ina 
_ Catalog for insertion 

into a part model as 
- a feature. 


An iFeature is a separate .ide file that you create by extracting existing features. 
You can then reference the iFeature as a design element in other parts. To create an 
iFeature, first access the part that contains the features you want to extract. You can 
extract sketched features and included placed features. For example, to extract the round 
and fillet shown in Figure 14-1, you must include the extruded cylinder. 


Figure 14-1. 

A—A model ready to receive an iFeature. B—Placing a group of standard features as a single 
iFeature. This iFeature includes an extrusion, threaded hole, chamfer, fillet, and round. 
C—The final part built from an extrusion and iFeature. 
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Ribbon 


Extract iFeature 
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In order to extract a hole feature without including the features 
in which the hole cuts, you must use the From Sketch placement 
option to create the hole. 


Use the Parameters dialog box to modify the names of parameters 
you plan to have the ability to adjust. Each name should reflect the 
dimension it controls. For example, change d1 to Cylinder_Diameter 
and d2 to Cylinder_Height. 


Access the Extract iFeature tool to extract an iFeature using the Extract iFeature 


| dialog box. See Figure 14-2. Pick the Standard iFeature radio button to extract a stan- 


dard iFeature, or pick the Sheet Metal Punch iFeature radio button to create a sheet 
metal punch iFeature and enable options in the Manufacturing and Depth areas. You 
will explore sheet metal punch iFeatures later in this textbook. 

Select the features to extract from the graphics window or the browser. Inventor 
automatically includes geometrically dependent features, such as a chamfer on a hole 
edge. Selected features and associated size and position parameters are displayed in 


Figure 14-2. 
Extracting a cut extrusion using the Extract iFeature dialog box. In this example, a cut 
extrusion is set to extract. Refer to this figure as you learn to extract iFeatures. 
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the Selected Features list box. To remove a feature from the extraction, right-click on 
the feature in the list and select Remove Feature. Next, you must set size and posi- 
tion characteristics to ensure that you can adjust the iFeature size, if necessary, and 
correctly position the iFeature during insertion. 
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Change the default iFeature name to a more descriptive name, 
such as Bearing_Pocket, for example. To rename the iFeature, select 
the current name, and then pick the name again or right-click and 
select Rename. 


Size Parameters 


You can modify feature parameters when you insert an iFeature if you add the 
parameters to the Size Parameters area. Parameters that you previously renamed using 
the Parameters dialog box are automatically added to the Size Parameters list. To add 
default named parameters, pick the parameter and select the Add Parameter button, 
double-click the parameter inside the Selected Features area, or right-click on the 
parameter and select Add Parameter. A Remove Parameter option is also available. 


wa 


Add all feature parameters by picking a feature in the Selected | 
Features list box and pressing the Add Parameter button, or by right- 
clicking on a feature and selecting Add All Parameters. A Remove 
All Parameters option is also available. 


Adjust the parameter name, value, limit, and prompt as needed using options 
in the corresponding columns. The Name column provides an opportunity to name 
the parameter according to the dimension it controls, if you did not already do so in 
the Parameters dialog box. The Value column identifies the original dimension of the 
parameter. When you insert an iFeature, a prompt instructs you on the parameter 
value operation, such as Enter distance. Use the Prompt column to modify the default 
prompt to a more understandable prompt. For example, change Enter distance to Enter 
hole depth. When you finish adjusting a name, value, or prompt, pick the pencil icon 
or anywhere outside of the Size Parameters area. 


Size Limits 

The Limit column allows you to place limits on the size changes that can occur 
when you insert an iFeature. The default setting is None, which places no limit on 
the size you can specify, other than those controlled by design constraints. Select an 
option from the drop-down list corresponding to the parameter you want to limit. 
When you specify a size limit, Inventor only allows you to select a value within limits 
during iFeature insertion. 

Choose the Range option to assign a limited size range using the Specify Range 
dialog box. See Figure 14-3A. Modify the default value using the Default text box, which 
is the same as changing the value in the Value column. Use the Minimum text box and 
drop-down list to define a value less than, less than or equal to, or infinitely less than 
the default value. Use the Maximum text box and drop-down list to define a value greater 
than, greater than or equal to, or infinitely greater than the default value. 

Select the List option to create a list of possible sizes using the List Values dialog 
box. See Figure 14-3B. The current default value appears in the list box. To add an 
optional value, select the Click here to add value button and enter the value. Add as 
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Figure 14-3. 
A—Select the Range option to access the Specify Range dialog box. B—Pick the List option to 
access the List Values dialog box. 
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many optional values as permissible for assignment to the parameter. Assign one of the 
new values as default using the Default drop-down list, which is the same as changing 
the value in the Value column. 


Position Geometry 


Use the Position Geometry area to specify how iFeature geometry is positioned 
during insertion. During insertion, you will be able to position the iFeature using 
only reference items, such as points, edges, axes, and planes that appear in Position 
Geometry area. For example, Profile Plane1 is the reference to a sketch profile. When 
you insert the iFeature, you must select a face or plane to link with Profile Planet in 
order to locate the iFeature. 

All reference geometry associated with selected features appears in the Selected 
Features area with the matching icon. For example, Extrusion2 in Figure 14-2 includes 
Reference Line1 that forms when coincident constraints connect the square corners of 
the slot with the projected edge. Extrusion2 also includes Profile Plane1 that identifies 
the sketch plane. This position geometry is required to locate the iFeature as in the 
original model. To add position geometry, pick geometry in the Selected Features area 
and select the Add Geometry button, double-click on the geometry, or right-click on the 
geometry and select Expose Geometry. A Remove Geometry option is also available. 

Adjust the position geometry name and prompt as appropriate. If two features 
reference the same position geometry, such as two extrusions sharing the same sketch 
plane, the position geometry is combined. If you want the ability to adjust the location 
of each sketch plane when you insert the iFeature, right-click on combined position 
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geometry and select Make Independent. To combine the same position geometry, right- 
click on one of the geometry references, select Combine Geometry, and then pick the 
other geometry reference. 


Drag items in the Size Parameters and Position Geometry lists 
above or below other items to change their order. 


Finalizing the iFeature 


After you specify all options in the Extract iFeature dialog box, pick the Save 
button to access the Save As dialog box. Save the iFeature in an appropriate location 
on your computer or the network. The default save location corresponds to the iFeature 
User Root specified in the iFeature tab of the Application Options dialog box. You will 
learn about this location and other iFeature settings later in this textbook. 


For the most efficient use of iFeatures, adjust the options located in 
the iFeature tab of the Application Options dialog box and create an 
iFeature library or set of libraries. You can then save your design 
elements in these specific locations. 


Exercise 14-1 


Access the Student Web site (www.g-wlearning.com/CAD) and _ 


complete Exercise 14-1. 


Exercise 14-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 14-2. 


anni nao 


Exercise 14-3 


Access the Student Web site (www.g-wlearning.com/CAD) and = 
complete Exercise 14-3. 


Access the Insert iFeature tool to insert an iFeature using the Insert iFeature dialog RES 
box. See Figure 14-4. Pick the Browse... button to use the Open dialog box to locate | 
an iFeature anywhere on your computer or the network. The Position area is active | _ 
and a preview of the iFeature appears in the graphics window. See Figure 14-5. The ' 
prompt guides you through the process of positioning the iFeature. Pick appropriate | 
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Figure 14-4. 
The Insert iFeature dialog box. 
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Figure 14-5. 


The Insert iFeature dialog box with the Position area active. The Rotate and Move icons are 
visible on the inserted iFeature. 
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geometry in the host model, according to the prompt and the position geometry, to 
link the iFeature to the model. When you position a plane, you can use the Flip button 
to flip the side, the Move icon to move the iFeature, and the Rotate icon or text box to 
rotate the iFeature. 

Pick the Next button or select Size on the tree structure to activate the Size area. 
See Figure 14-6. Size parameters specified during the iFeature definition appear in 
the Size list box. The prompts guide you through the iFeature sizing process. If you 
specified the None size limit option, enter any appropriate value. If you specified the 
Range size limit option, enter a value within the range. If the value is not within the 
limits, the value is red. If you specified the List size limit option, choose a value from 
the drop-down list. 


you reposition or resize the iFeature to preview the changes. 
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Figure 14-6. 
The Size area of the Insert iFeature dialog box. 
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Pick the Next button or select the Precise Pos. option on the tree structure to 
activate the Precise Position area. Pick the Activate Sketch Edit Immediately radio 
button to open the iFeature sketch after you complete the Insert iFeature dialog box, 
allowing you to position the iFeature precisely using sketch constraints. The iFeature 
sketch does not automatically open if you select the Do Not Activate Sketch Edit radio 
button. However, you can edit the sketch later to constrain sketch geometry to the host 
model. 

Once you select, position, and size the iFeature, pick the Finish button to place the 
iFeature and, if specified, activate the sketch. However, you are not required to size the 
iFeature. You can pick the Finish button after you select and position the iFeature to 
bypass the other insertion options. 


Pick the Back button in the Insert iFeature dialog box to modify an 
insertion option. You can also choose any of the options on the tree 
structure to return to and modify an insertion option. 


Exercise 14-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 14-4. 


Placing Catalog iFeatures 


The default location for iFeatures is the Catalog folder, found in the path: C:\Program 
Files\Autodesk\Inventor 2010\Catalog, depending on system settings. Inventor navigates 
to this folder by default when you extract or insert an iFeature. Although you can 
extract or insert an iFeature at any location, for the most efficient use of iFeatures, 
setup a catalog system similar to the default Catalog folder. 

The flyout in the Insert panel of the Manage ribbon tab, shown in Figure 14-7, 
provides a visual method to insert iFeatures located in the iFeature catalog system. Pick 
an iFeature from the flyout to insert. Options on the iFeature tab of the Application 
Options dialog box control where Inventor looks to find catalog iFeatures. Any iFea- 
tures found in folders specified in the iFeature root, iFeature user root, and Sheet 
metal punches root areas appear in the flyout. 
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Figure 14-7. 
Inserting an 
iFeature using the 
flyout in the Insert 
panel of the Manage 
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__ PROFESSIONAL TIP — 


Change the location of iFeature files using the settings in the iFeature 
tab of the Application Options as desired. For example, you might 
place the iFeatures in a network folder to allow members of the 
design team access to commonly used design elements. 


_ iFeature reference: Edit an iFeature reference to explore design alternatives and product changes. 


An iFeature inserted A ; oa 
intoamodelthat Whenever you insert an iFeature, a sketch extracted from an original feature forms to 


references ar ion position the iFeature. To edit an iFeature sketch in the part environment, right-click 
or .ide file. on an iFeature or an iFeature sketch in the browser, and pick Edit Sketch. Edit the 


iFeature to redefine iFeature position geometry and size parameters specified during 
insertion. To edit, right-click on the iFeature or iFeature sketch in the browser and pick 
Edit iFeature.... 


Editing iFeature Files 


You also have the option of editing the iFeature file (.ide) that forms when you 
extract an iFeature. Open an ide file as you would any other Inventor file, using the 
Open tool or Windows Explorer. You can use the View Catalog tool to display and open 
iFeatures located in the folder specified in iFeature viewer argument string text box in 
iFeature tab of the Application Options dialog box. The viewer application specified in 


> Angle Equal | the iFeature viewer text box determines the viewer, such as Windows Explorer, that is 
used when you access the View Catalog tool. 


View Catalog 


The iFeature viewer is a quicker way to access iFeature files stored 
in a catalog system, which you could also find using the Open dialog 
box or Windows Explorer. You can also set up a library search path 
to a catalog folder in the active project. 


The iFeature work environment, shown in Figure 14-8, includes specific .ide file tools 
and several of the same general tools that are available in the modeling environment, 
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Figure 14-8. 
An example of the iFeature (.ide) file work environment. 
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including iProperties. The Edit iFeature tool opens the Edit iFeature dialog box, which is 
identical to the Extract iFeature dialog box. Use the Edit iFeature dialog box in the iFeature 
work environment to redefine the options specified when you extracted the iFeature. Use 
the View Catalog tool to display the iFeature viewer. Use the Change Icon tool to adjust 
the appearance of the iFeature icon using the Edit Icon dialog box. The iFeature Author 
Table tool allows you to create a table-driven iFeature, as described later in this chapter. 


The standard approach to iFeature use is appropriate for many applications, 
allowing you to reuse feature content efficiently. An alternative is to use a table-driven 
iFeature. Each time you insert a table-driven iFeature, you can select a unique group, 
or row, of characteristics to create a feature reference. This approach is in some ways 
similar to purchasing a product from a real-world parts catalog. 

Create a table-driven iFeature from an existing and open ide file. Access the 
iFeature Author Table tool to convert the iFeature to a table-driven iFeature using the 
iFeature Author dialog box. See Figure 14-9. The iFeature Author dialog box includes a 
table in which you form custom records, or rows, with specific feature variables such 
as parameters, geometry, properties, and threads. The tabs above the table allow you 
to reference feature variables to include in the table as columns. 


Parameters Tab 


Figure 14-9 shows the Parameters tab. The list on the left side identifies all features 
and corresponding parameters extracted to form the iFeature. The list on the right side 
indicates the size parameters included during extraction or edit. Columns named after 
each selected parameter appear in the table. In order to add or remove a parameter column, 
you must edit the iFeature to add or remove parameters from the Size Parameters area of 
the Edit iFeature dialog box. 
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Figure 14-9. 
The Parameters tab of the iFeature Author dialog box. 


Extracted parameters Included parameters 


iFeatune Author 


eA INEM egee] PRIDE ost ee 
STUD_DIA Enter STUD_DIA i 
ix STUD DIA [0.305 in) STUD_HT Enter STUD_HT 
x= STUD_HT[S in / 16 ul FILLET_ROUND Enter FILLET_ROU 
g CHAMFER 


iFeature Enter CHAMFER 


Table 


Keys 

Key symbols appear next to each selected item, corresponding to a table column, 
in each of the iFeature Author dialog box tabs. Keying serves as a way to limit prompts 
for values that appear when you place an iFeature. For example, to have the ability to 
adjust the depth of a hole feature regardless of other values, add the depth parameter 
to the table and key the parameter. However, if the value of another column, such as 
an extrusion distance, always controls the hole depth, key the extrusion distance but 
not the hole depth. The hole depth is still a column and changes when you insert the 
iFeature, but a depth prompt is unnecessary. 

Inventor keys all columns by default. To key specific columns, pick the key symbol 
or right-click on the parameter in the Selected Items list and select a key number from 
the Key cascading submenu. Once you assign a specific key, the default keying of all 
columns is lost, and you must key the other columns for which you want to receive 
prompts. Selected keys are blue and include a key number. Pick the number to select 
a different number from the list. You can key nine items in the entire table. Keys are 
listed in order when you insert the iFeature. Remove a key by selecting the key symbol 
a second time, or by right-clicking on the parameter in the Selected Items list and 
selecting Not A Key from the Key cascading submenu. 


Geometry Tab 


Figure 14-10 shows the Geometry tab. The list on the left side identifies all features 
and corresponding position geometry extracted to form the iFeature. The list on the 
right side indicates the position geometry included during extraction or edit. Use this 
tab to change the position geometry name and prompt. Edit the iFeature to add or 
remove position geometry. 


Properties Tab 


The Properties tab, shown in Figure 14-11, allows you to select properties identi- 
fied in the iProperties dialog box from within the iFeature file. Use iFeature property 
columns whenever you need to add non-geometric information such as a description. 
This often helps to identify the correct iFeature record during insertion. Expand a 
category in the list on the left side of the tab to view related properties. Select a prop- 
erty and pick the Add button, or double-click on the item to add the property as a 
column in the table. Figure 14-11 shows adding the Description property as a column 


Inventor and Its Applications 2010 


Figure 14-10. 
The Geometry tab of the iFeature Author dialog box. 
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Figure 14-11. 
The Properties tab of the iFeature Author dialog box. 
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in the table. To remove a property, select the property and pick the Remove button, 
or right-click on the property and select Delete Column. Use keys to identify which 
properties prompt for a value. 


Threads Tab 


The Threads tab, shown in Figure 14-12, allows you to select thread specifications 
for iFeatures that contain threaded features. Expand a feature in the list on the left side 
of the tab to view thread specifications, or parameters. Select a parameter and pick 
the Add button, or double-click on the parameter to add the parameter as a column 
in the table. Figure 14-12 shows adding the Designation and Class variables. All other 
specifications remain unchanged, regardless of the iFeature reference. The name and 
prompts correspond to the values defined in the threads spreadsheet file (Threads.xls). 
To remove a parameter, select the parameter and pick the Remove button or right-click 
on the parameter and select Delete Column. Use keys to identify which thread specifi- 
cations are formed for a value. 


Adding thread specifications to a table-driven iFeature is the only 
way to adjust threads when using an iFeature. 
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Figure 14-12. 
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Use the Other tab, shown in Figure 14-13, to create custom attributes that the other 
tabs cannot provide. For example, define additional iFeature placement information or 
characteristics. To create a custom item, pick the Click here to add value button. Change 
the default Newltem0 column name and Enter Newltem0 prompt as needed. To remove 
a custom attribute, select the attribute and pick the Remove button, or right-click on 
the attribute and select Delete Column. Use keys to identify which custom attributes 
prompt for a value. 


Adding Rows and Adjusting Columns 


Columns in the iFeature table specify the feature characteristics that change 
between different iFeature references. Rows control the number of variations. The 
default row, which is green to indicate default, includes default values from each 
column. A single row, without assigned custom columns, means that you can only 
insert one variation of the iFeature. The purpose of using a table-driven iFeature is 
to have the ability to select from multiple types of features, which requires additional 
rows. 

To create a row, right-click on an existing row and select Insert Row. A copy of the 
row, including cell values, appears below the selected row. Modify the values in each 
of the cells to reflect the desired iFeature attributes. Figure 14-14 shows an example of 


Figure 14-13. 
The Other tab of the iFeature Author dialog box. 
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Figure 14-14. 
Creating an additional iFeature table row. 
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creating multiple variations of a threaded stud. You can enter any value in table cells, 
but suppression values require certain expressions. To specify a feature as suppressed, 
so that the feature “turns off” during insertion, enter Suppress, S, s, OFF, Off, off, or O. 
To identify a feature as computed, enter Compute, U, u, C, c, ON, On, on, or 1. Continue 
adding rows and defining cell values as required to generating the desired number of 
iFeature variations. To delete a row, right-click on the row and select Delete Row. 


If you do not specify a unit of measurement ina table cell, the default | 
document units apply. To define a row as the default iFeature varia- 
tion, right-click and select Set as Default Row. 


When you specify a value in a cell, such as 3 or 5, the value is static. Custom 
columns or cells remove this limitation. Use a custom column to specify a value not 
listed in a cell. To create a custom column, right-click on the column or the column 
name in the Selected Items list, and pick Custom Parameter Column. Use a custom 
cell to specify a value not listed in a cell, but only if the value in another column does 
not control the cell. To create a custom cell, right-click on the cell and pick Custom 
Parameter Cell. 

You can also set custom columns and cells to allow an increment or to allow 
values within a range. Right-click on a custom column or cell and choose Specify 
Range For Column..., Specify Increment For Column..., Specify Range For Cell..., or 
Specify Increment For Cell... to set the range or increment using the Specify Range or 
Increment dialog box. 
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You cannot specify a column or cell range or increment for certain | 
items, including some properties, position geometry, and threads. 
Custom columns and cells display blue backgrounds. 


Finalizing the iFeature 


After you create a table in the iFeature Author dialog box, pick the Verify button 
to check each record in the table to make sure they are all unique. If no errors are 
found, pick the OK button to generate the table. The final step in creating a table-driven 
iFeature is to resave the iFeature file. 
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The browser includes a number of options related to working with iFeatures, 
especially table-driven iFeatures. Expand the iFeature and the iFeature table to display 
rows. For example, Figure 14-15 shows a table-driven iFeature with two rows. Each 
row includes only keyed columns. The check boxes next to column items indicate the 
iFeature currently displayed in the graphics window. To observe a different iFeature 
variation, double-click on the last attribute. For example, in Figure 14-15, double-click 
Fillets = 0.25 in. to observe the 2” iFeature, or double-click Fillets = 0.125 in. to observe 
the 1” iFeature. 

To edit the table using the iFeature Author dialog box, access the iFeature Author Table 
tool, right-click on the table in the browser, and select Edit Table..., or double-click the iFea- 
ture table. You can also edit an iFeature table using the embedded Microsoft® Excel spread- 
sheet. See Figure 14-16. Access the spreadsheet using the Edit Using Spread Sheet tool, or 
right-click on the table in the browser and select Edit via Spread Sheet.... 


Exercise 14-5 = 


Access the Student Web site (www.g-wlearning. com/CAD) and 
complete Exercise 14-5. 
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Figure 14-16. 
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Access the Insert iFeature tool to insert a table-driven iFeature using the Insert 
iFeature dialog box. The process of selecting and positioning a table-driven iFeature is the 
same as for a standard iFeature. Pick the Browse... button to use the Open dialog box to 
locate an iFeature anywhere on your computer or the network. The Position area is active 
and a preview of the iFeature appears in the graphics window. See Figure 14-17. 

The difference between inserting a standard and table-driven iFeature is notice- 
able when you pick the Next button or select Size on the tree structure to activate the 
Size area. See Figure 14-18. Select the default value in the Value list to choose a different 
column value using the Select Value list box. To show all available values, pick the All 
Values check box. The value you select determines the row used to construct the iFea- 


ture. For example, picking the 1/2-13 UNC value shown in Figure 14-18 tells Inventor to | 


use all of the column values in the row where the 1/2-13 UNC thread is found to create 
the appropriate feature. To exit the Select Value list box without choosing a value, 
press the [Esc] key. A custom column does not include a key, allowing you to edit the 
value like any standard iFeature, by entering or selecting a new value. 

Pick the Next button or select the Precise Pos. option on the tree structure to acti- 
vate the Precise Position area. Select the appropriate radio button to specify whether 
you want to edit the iFeature sketch. Pick the Finish button to place the iFeature and, 
if specified, activate the sketch. 
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Edit table-driven iFeatures using the same standard iFeature editing 
techniques previously described. 


Exercise 14-6 n 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 14-6. 


Figure 14-17. 
The Insert iFeature dialog box that appears when you select a table-driven iFeature to insert. 
Notice the Table Driven icon. 
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Figure 14-18. 
Using the Size area of the Insert iFeature dialog box to size a table-driven iFeature. 
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ə Chapter Test 


. Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. . 


1. What are catalog features? 

2. What is the file extension for an iFeature? 

3. Explain how to modify the default parameter names in an iFeature so that they 
reflect the dimension they control. 

Where are iFeatures stored on the computer? 

Briefly describe the process of creating an iFeature. 

What tool allows you to place iFeatures in a part (.ipt) file? 

Briefly explain how to edit an iFeature. _ 

Which tool allows you to view and manage iFeatures that are stored in the default 
location? 

What is a table-driven iFeature and how does it work? 

10. Explain the disadvantage of having only a single row in an iFeature table. 
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Problems 


Instructions: 


Create sketches of the following objects. 
Develop sketch geometry from the projected center point. 
Infer as many geometric constraints as possible and appropriate. 
Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 
e Use the information in the status bar to create objects the approximate size given by 
the dimensional constraints. 
Add the dimensional constraints shown. 
Add as much information as possible to the iProperties dialog box. Assign the speci- 
fied material and color to the part. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


1. Perform the following tasks: 

A. Begin a new part file using the Part-IN.ipt or Part-mm.ipt template from the New 
File dialog box. 

B. Access the Application Options... dialog box, explore the iFeature tab, and 
modify the settings if needed. Close the Application Options dialog box. 

C. Access the View Catalog tool and explore the default Catalog folder. 

D. Pick the Geometric Shapes folder and open the Cone.ide file. Close the file. 

E. Close the iFeature viewer and close the part file without saving. 


2. Title: DIE vE 


Units: Inch 

Template: Part-IN.ipt 

Part Number: IAA-102-01 

Project: TRAY 

Material: Steel, High Strength Low Alloy 

Color: Default 

Save as: P14-2.ipt 

Specific Instructions: Open a sketch on the XY plane and sketch a 2” x 3” rectangle 

around the projected center point. Extrude the sketch 1” in the positive direction. 

Access the Insert iFeature tool and use the following information to insert the 

iFeature: C:\Program Files\Autodesk\Inventor 2010\Catalog\Pockets and bosses\Boss_ 

obround_2_fillets.ide. 

A. Pick the top extrusion face as the Sketch Plane and rotate the iFeature 90°. 

B. Specify the length as 2.5”, but do not change any other values. 

C. Select the Activate Sketch Edit Immediately radio button and add the dimen- 
sional constraints shown. 

The final part should look like the part shown. 
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MA intermediate] | 3. Title: FLUSH BRACKET 
= Units: Inch 

‘ Template: Part-IN.ipt 

Part Number: IAA-103-01 

Project: INSTRUMENT MOUNT 

Material: Steel 

Color: Default 

Save as: P14-3.ipt 

Specific Instructions: Access the Insert iFeature tool and use the following infor- 

mation to insert the ANGLE iFeature you created during Exercise 14-1. 

A. Pick the center point in the Origin folder of the browser as the Origin and the 
XY plane as the Sketch Plane. Do not move or change the direction or angle. 

B. Specify the width as 1”, height as 1.5”, thickness as .125”, and length as 1.5”. 

C. Select the Do not Activate Sketch Edit radio button. 

First Stud: Access the Insert iFeature tool and use the following information to insert 

the THREADED_STUD table-driven iFeature you created during Exercise 14-5. 

A. Pick the plane shown as the Stud Base Sketch. Do not move or change the 
direction or angle. 

B. Specify the 1/4-20 UNC hole designation, but do not change the fillet, round, 
and chamfer custom values. Select the Activate Sketch Edit Immediately radio 
button and add the concentric constraint shown. 

Second Stud: Access the Insert iFeature tool and use the following information to 

insert a second copy of the THREADED_STUD table-driven iFeature. 

A. Pick the plane shown as the Stud Base Sketch. Do not move or change the 
direction or angle. 

B. Specify the 3/8-16 UNC hole designation, but do not change the fillet, round, 
and chamfer custom values. Select the Activate Sketch Edit Immediately radio 
button and add the concentric constraint shown. 

The final part should look like the part shown. 


Vertical 


Vertical 


Horizontal 
First Stud Second Stud Final Part 
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4. Title: BEARING POCKET Ad Advanced | 
Units: Inch “| 
Template: Part-IN.ipt 
Part Number: IAA-034-01 
Project: IFEATURE 
Material: Default 
Color: Default 
Save as: P14-4A. ipt 
Specific Instructions: Create a 1” x 2” x 2” extruded rectangle. Open a sketch on 
the top face of the extrusion, and place the hole centers as shown. Create the two 
smaller holes as specified. Share Sketch2. Create the larger middle hole as speci- 
fied. Use the Parameters dialog box to rename the internal thread diameter (Hole1) 
to Internal_Threads, and the pocket diameter (Hole2) to Pocket. Create an iFeature 
using the following information: 

Name: Bearing_Pocket 

Selected features: Hole1 and Hole2 

Limit the value of Internal_Threads to a range of .125 < .25 < .5 

Change the prompt for Internal_Threads to Enter Diameter of Internal Threads 

Limit the value of Pocket to a list of .75”, 1”, and 1.25” 

Change the prompt for Pocket to Enter Pocket Diameter 

. Save Bearing_Pocket as P14-1.ide. 

Access the View Catalog tool and open P14-1.ide. The iFeature should look like the 

feature shown. 

Convert the iFeature to a table-driven iFeature and develop a table of six different 

bearing pocket designs. Save and close the iFeature file. Create a new part of your 

own design using each different variation of the bearing pocket. Save the part as 

P14-4B. 


OAH ON SD 


2X 1/4-20 UNC - 2B 
1.00 7 0.50 
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5. Title: BEARING POCKET BASE 
Units: Inch 
Template: Part-IN.ipt 
Part Number: |AA-035-01 
Project: IFEATURE 
Material: Default 
Color: Default 
Save as: P14-2.ipt 
Specific Instructions: Create a 1” x 3” x 3” extruded rectangle. Insert the P14-1.ide 
iFeature on the top face of the extrusion. Attempt to enter a value of .5” in the 
Internal_Threads Value text box. Select the Activate Sketch Edit Immediately radio 
button. Using sketch dimensions, center the iFeature in the middle of the extru- 
sion, and finish the sketch. Right-click Bearing_Pocket1 in the browser and select 
Edit iFeature.... Change the bearing pocket diameter to .75”. Place a .25” chamfer 
around the top edge of the extrusion. The final part should look like the part 
shown. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Begin a new sheet metal part. 

Convert a part to a sheet metal part. 

Use and modify sheet metal styles. 

Create faces and contour flanges. 

Add flanges and hems. 

Create lofted flanges and contour rolls. 


> a 


Sheet metal products are common in the automotive, electronic, product chassis, 
and heating, ventilating, and air conditioning (HVAC) industries. Inventor includes 
specific tools and options for modeling sheet metal parts. See Figure 15-1. Manufac- 
turers input model data into software that controls sheet metal part production and 
transfers a flat pattern, as shown in Figure 15-1B, to a sheet of metal. The metal is 
then cut, drawn, stretched, and bent to the correct specifications. You can use sheet 
metal model tools for any application or material that requires similar forming and flat 
pattern processes, such as cardboard package design. 


Figure 15-1. 
A—An example of a formed sheet metal part model. B—The flat pattern of the model shown 


in A. 


f 


sheet metal parts: 
Parts formed from a 
flat sheet of metal. 


flat pattern: 

A 2D drawing 
representing the 
final, unfolded part. 


cut: Any process, 
such as shearing, 
punching, or laser, 
water jet, or similar 
process that is used 
to remove material. 


bent: Formed using 
a stake, brake, 
folder, die, roller, or 
similar tools, 
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Modeling a sheet metal part is similar to modeling a non-sheet metal part. Usually 
you begin with a 2D or 3D sketch, although a 2D sketch is most common. Use the same 
sketching tools and techniques you use to prepare a non-sheet metal part sketch. You 
then create a sheet metal sketched base feature, and add sketched, placed, and catalog 
features as needed. Most often, you build a sheet metal part in a finished, folded form 
that you can unfold to create a flat pattern. 

A sheet metal part is formed from a single piece of material according to parameters 
appropriate for the material, part, and manufacturing process. As a result, sheet metal 
models reference several specifications in addition to color and lighting. These param- 
eters, or rules are set by styles and include metal thickness, material, bend radii, and 
relief sizes. For most applications, sheet metal rules remain the same throughout part 
construction and are automatically applied as you design. This technique replicates real- 
world sheet metal part manufacturing by forming parts using a specific type of sheet 
metal and sheet metal rules. Sheet metal rules also control how flat patterns appear. 


NOTE 


The sheet metal work environment provides many standard 
modeling tools, including Hole, work feature, feature pattern, 
parameter, and iFeature tools. These tools behave the same as in 
the standard part model environment. 


PROFESSIONAL 


Remember when modeling a sheet metal part that material thick- 
ness and several other sheet metal parameters are predefined. Open 
profile sketches are common. 


Sheet Metal Templates 


Both non-sheet metal and sheet metal part files carry the file extension .ipt. Typi- 
cally, when you begin a new design, you specify whether the part is for a non-sheet 
metal or sheet metal part application. Use a sheet metal part template to create a sheet 
metal part using sheet metal tools and options. 


Converting Parts to Sheet Metal Parts 


If you begin modeling from a non-sheet metal part template, you must convert 
~ | to the sheet metal part environment to access sheet metal tools. Access the Convert to 
Sheet Metal tool to change from a modeling design to a sheet metal design. You can 
also convert from a sheet metal design to a modeling design. 


CAUTION 


The Sheet Metal environment includes specialized sheet metal part 
model tools, such as Face, that reference a preset material thickness 
and sheet metal parameters. An alert notifies you of this condition 
when you convert a model. You can access non-sheet metal tools, 
such as Extrude, from within the sheet metal work environment. 
However, for most applications, you should not use non-sheet metal 
and sheet metal part features together. 
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Exercise 15-1 -_— 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 15-1. 


Exercise 15-2 in 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 15-2. 


A sheet metal part references the color, lighting, sheet, bend, corner, and unfold 
settings specified in the Style and Standard Editor. Use sheet metal styles appropriate 
for the material, part, and manufacturing process. For example, use a style assigned 
.0478” (18 gage) steel attributes for an 18 gage steel part. If the design changes, requiring 
the part to be .0453” (17 gage) aluminum, for example, change the part to reference 
a style with those attributes. The part automatically updates according to the new 
parameters. 

The Sheet Metal Defaults dialog box, shown in Figure 15-2, provides a convenient ff sheet metal rule: 

3 g The style that 
way to select a sheet metal style and override sheet metal style settings. Use the Sheet f controis all sheet 
Metal Rule drop-down list to activate a sheet metal rule. By default, all other options in f metal part sheet, 
the Sheet Metal Defaults dialog box reference values specified by the active sheet metal f settings and specifies 
rule. This is suitable for most applications. tease 

Assigning a thickness, material style, or unfold rule different from the sheet metal a 
rule overrides the style in the current document. To edit or create a sheet metal, mate- | >Setup 
rial, or unfold rule, access the Style and Standard Editor. Pick the appropriate button in 


the Sheet Metal Defaults dialog box to open the Style and Standard Editor and display _ 


the corresponding node, such as the Sheet Metal Rule node shown in Figure 15-3. age 


Ribbon 
Figure 15-2. a 
Use the Sheet Metal Defaults dialog box to select a sheet metal rule or override sheet metal Standards 
rule parameters for the current design session. 


Pick to select, create, Styles Editor 
or modify the sheet metal 


rule using the Style and 
Standard Editor 


Sheet Metal Defaults 


Select sheet metal rule 


Deselect to override 
material thickness 
using the Thickness 
text box 


Pick to select, create, 
or modify the material 
style using the Style and 

Standard Editor 


Material Style 
By Sheet Metal Rule ( Defauit ) ¥ er 


Unfold Rule 


Change to override 


the material style Pick to select, create, 


or modify the unfold 
using the Style and 
Standard Editor 


Change to override 
the unfold rule 


Chapter15 Introduction to Sheet Metal Parts = ss—(i‘“—<“‘“‘i;T 88 


_ seam: The line or 
opening formed 
when the ends of 
the pattern come 
| together. 
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Figure 15-3. 
Use the Style and Standard Editor to activate, create, and modify sheet metal rules. The Sheet 
tab of the Sheet Metal area controls sheet and flat pattern parameters. 


Double-click to activate; Pick to access the Sheet Pick to access the Pick to access the 
active rule is bold Metal Unfold area Material Style area Sheet Metal Unfold area 


i a Co Se a nel 
& £¥ Lighting 

| Œ Q Material 

| si-€(Sheet Metal Rule ppt 

D 


_ Default mm 
& GE Sheet Metal uptoid Sheet 
BendCompfiiisation Material A Unfold Rule 


Default _KFactor Aluminum Mf [Default_kFactor j 


Miter/Rip/Seam Gap 
io = E 


Flat Pattern Bend Angle 
Report Bending Angle (A) Fb 


Flat Pattern Punch Representation ~~ 


{ca Formed Punch Feature 


B 


Sheet Metal Rules 


Expand the Sheet Metal Rule node to display available sheet metal rules. Double- 
click on a sheet metal rule or right-click and select Active to activate it. Pick a sheet 
metal rule to display tabs with sheet metal rule options. Create a sheet metal rule for 
each unique material, part, or manufacturing requirement. 


You can override many sheet metal rule settings for unique require- 
ments while you are creating sheet metal features. 


Sheet Options 


The Sheet tab, shown in Figure 15-3, controls sheet and flat pattern parameters. 
Specify the material type using the Material drop-down list, and specify material 
thickness using the Thickness text box. The material set in the Physical tab of the 
iProperties dialog box adapts to the current sheet metal rule material. Changing the 
file material overrides the sheet metal rule. 

Use the Unfolding Rule drop-down list to select a predefined sheet metal unfold 
rule. Unfold rules and settings are available in the Sheet Metal Unfold node of the Style 
and Standard Editor, described later in this chapter. For a sheet metal model to unfold, 
the model must include acceptable seams. Specify a value in the Miter/Rip/Seam Gap 
text box to define the default seam opening. See Figure 15-4. 

Use the Flat Pattern Bend Angle drop-down list to specify the included angle refer- 
enced by the flat pattern. Choose Report Bending Angle (A) option to callout the bend 
angle, such as BEND 45°, or select the Report Open Angle (B) option to callout the open 
angle, such as OPEN 135°. Pick an option from the Flat Pattern Punch Representation 
drop-down list to define how sheet metal punches created using the PunchTool 
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Figure 15-4. 

The Miter/Rip/Seam 
Gap value sets 

the default space 
between seam edges 
for sheet metal 
modeling tools. 
Notice how the 
Thickness parameter 
and an equation 
relate the gap size 
to the material 
thickness. 


Miter/Rip/Seam Gap Miter/Rip/Seam Gap 


Thickness 2] Thickness*2 A 


appear on the flat pattern. View the preview of each option to pick the appropriate 
representation. 


Bend Options 


The Bend tab, shown in Figure 15-5, controls default bend rules. Use the Relief Shape 
drop-down list to select a bend relief shape. See Figure 15-6. The Relief Width text box 
allows you to adjust the relief width using a value greater than 0. See Figure 15-7A. The 
Relief Depth text box allows you to adjust the relief depth using a value greater than 
or equal to 0. See Figure 15-7B. Use the Minimum Remnant text box to specify whether 
material remains after a bend operation, based on the size of the leftover material. 
The leftover material is removed if the amount of material is less than the minimum 
remnant value. See Figure 15-8. 


Figure 15-5. ve 
The Bend tab of po ye 
the Sheet Metal pama Gorner 


area. Notice the 


default values set CCT E 
in reference to the Relief Depth) 
material thickness [Thickness * 0.5 ul LE 
parameter. Minimum Remnant 

Thickness * 0.5 ul 

Remnant (C) 

"Bend granada 
E None x] 


Figure 15-6. 
Examples of straight relief, round relief, and tearing at the bend to apply no relief. 


Straight Tear 
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_ bend relief: Relief 
- typically added to 


a sheet metal part 
to relieve stress, or 
the tear, that occurs 


_ when a portion of 


a piece of material 
is bent. 
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Figure 15-7. 
A—An example of a relief width greater than the material thickness. B—An example of a 
relief depth greater than 0. 


Figure 15-8. 
The minimum remnant value must be greater than the size of the remnant material created 
by a bend in order for the material to be removed. 


Remnant 


Minimum Remnant Value Minimum Remnant Value 
Greater Than Remnant Material Less Than Remnant Material 
| ene Aag: the Specify a default bend radius greater than 0 using the Bend Radius text box. Select 
instae racgius ofa T ape . Pi 
Sifted feature: the default bend transition type from the Transition drop-down list. The transition 


setting is especially important for bending across complex shapes, to ensure manufac- 
turability. Except for the Trim to Bend option, all transition types appear in the folded 
model as if the None option is active. The flat pattern shows the effects of selecting an 
option other than None or Trim to Bend. See Figure 15-9. The Transition Radius text 
box appears when you pick the Arc option, allowing you to specify the arc transition 
radius. 


Corner Options 


i ne The Corner tab, shown in Figure 15-10, controls default corner relief parameters. 
sheet metal partto Use the 2 Bend Intersection area to adjust relief at the intersection of two bends. Select 
relieve stressata _a relief shape from the Relief Shape drop-down list. The Relief Size text box is enabled 
intersection of two when you select the Round or Square option, allowing you to set the diameter of a 

S round relief or the length and width of a square relief. Figure 15-11 shows an example 

of each 2 Bend Intersection relief option. 

Use the 3 Bend Intersection area to adjust relief at the intersection of three bends. 
Select a relief shape from the Relief Shape drop-down list. The Relief Radius text box 
is enabled when you select the Round with Radius option, allowing you to set the 
radius of a relief arc. Figure 15-12 shows an example of each 3 Bend Intersection relief 


option. 
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Figure 15-9. 
Select a transition 
type based on 
how you want 
bends to form 
between features. 
Bend transition 

is influenced by 
all bend factors, 
including the bend Folded Model 
position. 


Spline from 
bend edge 


Intersection 


Straight line 
at intersection 


Straight Line | 


Straight line ys 


from bend edge 


Arc | 


Ja 


Specified arc radius 


Trim to Bend | 
i 


Trim to bend 


Trim appears 


Transition begins 


Folded Model 


Figure 15-10. 
The Corner tab of the Sheet Metal area. 
p Sheet Metal [ Defaut ) 
i #2 Bend Intersection err ¢ 3.Bend Intersection ems 
| | Relief Shape Relief Shape 
Select a relief shape DERSEN i to perd o Round with Radius x Select a relief shape 


| at the intersection 
| of three bends 


at the intersection 
of two bends 


: Relief Radius 
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Figure 15-11. 
Corner relief shapes applied at the intersection of two bends. Notice the difference in the 
appearance of the folded model and the flat pattern. 


Round 


Square 


— 
Tear (no relief) 


Figure 15-12. 
Corner relief shapes 
applied at the 
intersection of three 
bends. In the folded 
model, all relief 
shapes appear as 

if the None option 
were active. The 
flat pattern shows 
the actual effects of 


selecting an option Folded Model 
other than None. 


Original model 


geometry SS 


No Replacement 


Intersection 


Full Round 


Specified 
radius 


Round with Radius 
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Sheet Metal Unfold Rules 


Expand the Sheet Metal Unfold node to display available sheet metal unfold rules. 
Double-click on an unfold rule or right-click and select Active to activate it. Pick an 
unfold rule to display options. In general, the unfold rule is a set of parameters that 
determines the bend allowance. 

Bend allowance calculations determine the overall dimension of the flat pattern, 
needed to achieve the correct folded dimension when the part is bent. Several methods 
and formulas are available for establishing bend allowance, by inputting multiple sheet 
metal variables. Companies often determine bend allowance and prepare bend allow- 
ance charts for various materials through experimentation. In general, each material 
thickness receives a bend deduction calculation, based on the specified bend angle, 
bend radius, and k-factor. 

Select Linear from the Unfold Method drop-down list to specify a k-factor to locate 
the neutral axis in the KFactor Value text box. See Figure 15-13. A second option is to 
use a bend table by picking the Bend Table option from the Unfold Method drop-down 
list. The third option is to pick the Custom Equation option from the Unfold Method 
drop-down list. This option allows you to create a custom set of bend calculations 
based on bend allowance, compensation, deduction, or k-factor. 


Creating and Saving Sheet Metal Styles 


To create a new sheet metal rule or unfold rule, select a style with characteristics 
similar to the new style, and then pick the New button to create a copy of the style. Enter 
a style name in the New Style Name dialog box. If changes you make to a style are not 
appropriate, pick the Reset button to return to previous style settings before saving the 
style. Pick the Save button to save changes to a style to the current document. If you do 
not save after making changes, a prompt asks you to do so before continuing. 

Save the style to a template and reference it each time you create a new model 
using the template, or save it to the style library. The style library provides a method 
of storing all style information in a location other than individual Inventor files. Styles 
are copied from the style library to files as needed for use in existing and future models. 
You can update any changes made to a style saved in the style library so that the style 
is correct in all the files that reference the style. 


Pick the Import button to import existing sheet metal and unfold 
rules, or bend tables in a .txt file format. Right-click on a sheet metal 
or unfold rule and pick Export... to export it, or export a completed 
bend table as a .txt file by picking the Export Table button. 


Figure 15-13. 
Select the Linear option to enter a k-factor. 
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bend allowance: 


_ The amount of 


extra material 


_ needed for a bend 
' to compensate 
| for compression 


during the bending 
process. 


< k-factor: A multiple, 
~ typically between 


.25 and .5, that 


' locates the neutral 
> axis. 


| neutral axis: The 
axis of a bend 
_ radius where 


neither stretching 
nor compressing 
occurs. 


style library: A 


folder, Design Data 
by default, that 
houses styles in 


- XML file format. 
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P Creating and Saving Model Styles 
SU plemental For information about developing color, material, and lighting 
N aterial styles, go to the Student Web site (www.g-wlearning.com/CAD), 
select Chapter 6, and select Creating and Saving Model Styles. 
Much of this information is helpful for creating and saving 
sheet metal styles. 


Exercise 15-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 15-3. 


peta cheese ne a 


Exercise 15-4 ee 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 15-4. 


_ Sheet metal face: A A sheet metal face is a common base feature. Access the Face tool to create a face 


- sheet metal surface. 


Fea eich using the Face dialog box. See Figure 15-14. If a sketch includes one profile, the profile 


to create a planar = is selected automatically. If a sketch contains multiple profiles, the Profile button is 
<= active, allowing you to pick profile(s). If necessary, pick the Offset button to flip the 
Sheet Metal side of the sketch plane from which thickness occurs. 
—o. Additional options for connecting features are available when you add a face. See 
Gi Figure 15-15. Adjust the bend radius using the Radius text box only if you want to 
Serna override the default bend radius, identified as BendRadius. The Edges button allows 
! you to select edges to form a double bend. Pick the More button to access the Double 
bend between two Bend area, and select the type of double bend. See Figure 15-16. If the preview does not 
parallel faces that Jook correct, pick the Flip Fixed Edge button to change the edge from which the bend 
eens originates. Figure 15-17 shows extend options for creating a full radius double bend. 
Pick the Extend Bend Perpendicular to Side Faces button in the Bend area to form a 


‘Face 


Figure 15-14. 


Use the Shape tab 

of the Face dialog : x 

box to select a sketch per fear 
. a H Profile 

profile and specify 

face parameters. The | Ghote 

Unfold Options and 


Bend tabs allow you 
to override sheet 
metal rules applied 
to the face. 
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Figure 15-15. 

Adding a sheet 
metal face. This 
example shows 


Extend Bend Aligned Extend Bend Perpendicular 
to Side Faces button to Side Faces button 


Existing face 


creating a double Shebe unia optone ag] o 
Shape 
bend face between Selected double 
two parallel, non- <= 
bend edge 
coplanar sheet metal Offset " 


faces using the Fix 
Edges option. You 
do not need to add 
a double bend to 
create a secondary 
face. 


-Double Bend 
_ © Fix Edges 
. O45 Degree 


Flip Fixed Edge button Selected sketch profile 
on offset work plane 


Figure 15-16. 
Examples of double 
bend options. 


Fix Edges 45 Degree 


Full Radius 90 Degree 


bend that extends perpendicular to side faces, as shown in Figure 15-17B. Pick the 
Extend Bend Aligned to Side Faces button to adjust the shape of the face by aligning 
the bend with profile geometry, as shown in Figure 15-17C. 

The settings in the Unfold Options and Bend tabs are the same as those located 
in the Style and Standard Editor. Adjust the settings only if you want to override the 
default sheet metal parameters. Pick the OK button to create faces and exit, or pick the 
Apply button to create faces and remain in the tool. 


You can override specific bends by picking the Bend Edit glyph | 
that appears when you add bends using some feature tools, or by | 
expanding the feature in the browser, right-clicking on Bend, and 
selecting Edit Bends. 
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Figure 15-17. 
A—An example of creating a full radius double bend face. B—Using the default Extend Bend 
Perpendicular to Side Face option. C—Applying the Extend Bend Aligned to Side Faces option. 


Selected existing Full radius 
feature edge bend preview 


Bend extends to 
perpendicular faces 


Bend adjusts to 
align with side faces 


New face 


Exercise 15-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 15-5. 


_ contour flange: A A contour flange often replicates extruded sheet metal features such as gutters, 
“thatuses anopen” corrugated panels, or a frame. Access the Contour Flange tool to create a contour flange 
Face create using the Contour Flange dialog box. See Figure 15-18. The Profile button is active by 
inear sheet metal 3 n p r 
faces. default, allowing you to choose the sketch profile. Use the thickness flip buttons to 
Ribbon | control the side of the sketch profile from which thickness occurs. Pick the Both Sides 
“Soe button to divide the thickness equally on both sides of the profile. 
"y A bend forms at the vertex of profile geometry. Do not sketch a radius at sharp 
py . corners. Adjust the bend radius using the Radius text box only if you want to over- 
ContourFiange | ride the default bend radius, identified as BendRadius. When creating a base feature, 
specify the contour flange length in the Distance text box. Use the distance flip buttons 
to control the side of the sketch plane from which flange distance occurs. Pick the 


Distance Mid-plane button to divide the distance equally on both sides of the plane. 


Referencing Individual Edges 


Additional options for connecting features are available when adding a contour 
flange. See Figure 15-19. To apply a contour flange along a single edge, select the sketch 
profile and then use the Edge Select Mode button to pick the edge. Next, pick the More 
button and select an option from the Type drop-down list. The Edge option is active 
by default and forms the contour flange along the entire length of the selected edge, as 
shown in Figure 15-19. 
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Figure 15-18. 
Creating a contour flange using the Contour Flange dialog box. 
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Pick the Width extents option to specify the contour flange width. The Centered 
radio button is active by default, centering the contour flange along the selected edge using 
the width specified in the Width text box. Instead of centering, pick the Offset radio button 
to define the width and an offset from a point on the edge. See Figure 15-20. The 
Select Start Point button becomes active, allowing you to pick an endpoint on the edge 
to form the offset. Specify an offset value using the Offset text box. If the offset occurs 
on the wrong side, pick the Flip Direction button. Specify the width of the contour 
flange using the Width text box. 


Figure 15-19. 
Adding a contour flange along a single edge using the Edge extents option. 
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Figure 15-20. 
Using the Offset 
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Select the Offset option to establish the contour flange width according to an offset 
from two points. See Figure 15-21. The first offset point corresponds to the location 
of the sketch profile on the selected edge. The second offset point is the opposite end 
of the edge. Use the Offset! and Offset2 buttons to redefine the points if necessary. 
Specify offset values using the OffSet1 and OffSet2 text boxes. 

Pick the From To option to establish the contour flange width between selected 
points, curves, faces, and/or planes. See Figure 15-22. Pick the Offset1 button to select 
the first offset location, and then pick the Offset2 button to select the second offset 
location. 


Figure 15-21. 
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Figure 15-22. 
The From To extent 
option establishes 
the flange width 
between two 
selected points, 
curves, faces, or 
as shown in this 
example, work 
planes. Selected 5 
Offset1, 
a plane 


Selected Offset2, 
a plane 


width Extents © <= 


Preview Selected 


feature edge 


| 
| 
L 


sg Selected 


sketch profile 


You can use the Distance extent option with a selected edge, but the 
distance does not reference the edge like the other extent types. 


Referencing Multiple Edges 


To apply contour flanges along multiple edges, select the sketch profile and then use 
the Edge Select Mode button to pick individual edges, as shown in Figure 15-23A, or 
choose the Loop Select Mode button to select a closed loop. Options in the Corner tab, 
shown in Figure 15-23B, control what happens to intersecting bends. By default, the 
Apply Auto-Mitering check box is active, forming a miter at the intersection of bends, as 
shown in Figure 15-23A. Adjust the miter gap using the Miter Gap text box only if you 
want to override the default seam opening with a value greater than 0. 

Deselect the Apply Auto-Mitering check box to remove mitered corners. Corners 
often fold together, creating self-intersecting bodies that cannot unfold into a flat 
pattern. Adjust individual corners when you see the preview, later in the design 
process, or when creating other features. 


miter gap: Space 
| between faces 

- created during a 

- corner seam or 

: miter operation. 


| — NOTE 
Options in the Width Extents area are disabled when you pick 
multiple edges. 


Editing Contour Flange Corners 


During the preview of a contour flange, Corner Edit glyphs appear at the intersec- 
tions of connected edges that form corners. Refer again to Figure 15-23. The Apply 
Auto-Mitering function, appropriate sheet metal rules, and if necessary, a miter gap 
override. This usually creates desirable corners. If not, pick a glyph to override corner 
parameters using the Corner Edit dialog box. See Figure 15-24. Use the Overlap check 
box, flyout, and Gap text box to modify the overlap and miter gap. The Symmetric Gap 
and No Seam overlap options are available when you edit a contour flange corner. Use 
the Relief check box, flyout, and Relief Size text box to modify the corner relief shape. 
Chapter 16 describes corner overlap options. 
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Figure 15-23. 
A—Applying a contour flange to three selected edges. Bend intersections are mitered by 
default. B—Options in the Corner tab control how Inventor treats bend intersections. Notice 


the default values. 
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Figure 15-24. 
Pick a Corner Edit glyph to display the Corner Edit dialog box, used to edit the characteristics 
of a specific contour flange corner. 
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Finalizing Contour Flanges 


The settings in the Unfold Options, Bend, and Corner tabs are the same as those 
located in the Style and Standard Editor. Adjust the settings only if you want to over- 
ride the default sheet metal parameters. Pick the OK button to create contour flanges 
and exit, or pick the Apply button to create contour flanges and remain in the tool. 
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The Extend Bend Perpendicular to Side Faces and Extend Bend | 
Aligned to Side Faces buttons, located in the Bend Extension area, 
are available for adjusting bend extension when necessary. These 
options are the same as those available for creating faces. 


You can also override corners by expanding the contour flange in 
the browser, right-clicking on Corner, and selecting Edit Corners. 
Reset all edited corners to default by right-clicking on Corner and 
selecting Reset All Corners. 


Exercise 15-6 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 15-6. 


Add a flange feature to produce a flange or similar sheet metal feature without $ A E a 
developing a sketch. Access the Flange tool to create a flange using the Flange dialog f orstitfen a part 
box. See Figure 15-25. To add a flange to a single edge, use the Edge Select Mode f nator ee n 
button to pick the edge. Then pick the More button to specify the flange width. Flange © or welding. 
width extents options are the same as those for creating a single contour flange. Ribbon 

To reference multiple edges, use the Edge Select Mode button to pick individual 
edges, or use the Loop Select Mode button to select a closed loop. See Figure 15-26. | 
Flange corner formation and corner editing options are the same as those for refer- | 
encing multiple edges to create contour flanges, except that additional overlap options 
are available for editing flange corners. Chapter 16 describes corner overlap options. 


Pick the Flip Direction button if flanges appear on the wrong side of the feature. Specify 


Figure 15-25. 
Using the Flange dialog box to create flanges. 
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datum: A 
theoretically 
exact point, axis, 
or plane from 
which the location 
or geometric 
characteristics of 
features originate. 
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Figure 15-26. 
A—An example of selecting multiple individual edges. B—Selecting a loop to add multiple 
flanges quickly. 


Selected edges Selected loop, top face 
A B 


the flange angle using the Angle text box. Adjust the bend radius using the Radius text 
box only if you want to override the default bend radius, identified as BendRadius. 


Flange Height 


The Height Extents area controls the flange height, or projection from the edge. 
Use the default Distance option and specify the flange height from the selected edge 
using the Distance text box. Set the flange height datum by picking a button in the Height 
Datum area. Figure 15-27 shows the effects of each height datum option. Next, define 
where the bend occurs by selecting a button in the Bend Position area. Figure 15-28 
shows the effects of each bend position option. 

Select the To option from the Height Extents drop-down list to pick a point or vertex 
to control the flange height, without using a height datum. The select button becomes 
active, allowing you to pick a point or vertex. See Figure 15-29A. Specify a positive value 
in using the Offset text box to decrease the flange height from the selected point, as 
shown in Figure 15-29B, or specify a negative value to increase the flange height. The 
Bend Position options are available, but the Height Datum options are not. 


Finalizing Flanges 

The settings in the Unfold Options, Bend, and Corner tabs are the same as those 
located in the Style and Standard Editor. Adjust the settings only if you want to over- 
ride the default sheet metal parameters. Pick the Apply button to create flanges and 
remain in the tool, or pick the OK button to create flanges and exit. 


The Old Method check box in the Design area of the expanded Flange 
dialog box is active when you open a file created using a version of 
Inventor prior to 2010. Select the Old Method check box to create flanges 
using the legacy method of design, which includes fewer options. 


Exercise 15-7 


Access the Student Web site (www.g-wleaming.com/CAD) and- 
complete Exercise 15-7. 
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Figure 15-27. 
Options for defining 
the flange height 


datum. 
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Figure 15-28. 
Options for defining the flange bend position. 
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Figure 15-29. 
A—Pick the To height extents option and select a point or vertex to define the flange height. 
B—Specify an offset value to adjust the flange height from the vertex. 
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Access the Hem tool to create a hem using the Hem dialog box. See Figure 15-30. 


om Select a hem type from the Type drop-down list. Figure 15-31 shows examples of hem 


| shapes. Next, use the Select Edge button to pick an edge. The edge identifies the begin- 

ning of the hem width and the location of the bend. If necessary, pick the Flip Direction 

button to reverse the side of the feature on which the hem forms. Then pick the More 

iym button to specify the hem width. Hem width extents options are the same as those for 
em: Flanges used $ f 

to add strength creating a single contour flange or flange. 

A aE ad The Gap and Length text boxes are available for creating a single or double hem. 


sharpness of 


exposed edges,or The gap represents the opening between the inside hem face and the inside feature 
to connect separate j 
| edges or parts face. The length represents the amount of sheet metal material overlap used to create 


agger: the hem. The Radius and Angle text boxes appear for creating a teardrop or a rolled 


Figure 15-30. 
Using the Hem dialog box to create hems. Notice the default gap and length values. 
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Figure 15-31. 
Examples of common hems. 


Single Hem Teardrop Hem Rolled Hem Double Hem 


hem. The radius represents the bend radius. Adjust the radius only if you want to 
override the default bend radius, identified as BendRadius. The angle represents the 
amount of sheet metal material overlap used to create the hem and the angle at which 
the material is bent. The default angle for a teardrop hem is 190°. However, you can 
enter any value greater than 180° and less than 359°, depending on the thickness of the 
material and the size of the radius. 


Entering hem gap, length, radius, and angle values that are too small, 
too large, or otherwise inappropriate for the part will result ina hem 
that intersects existing features, usually causing a modeling error. 


The settings in the Unfold Options, Bend, and Corner tabs are the same as those 
located in the Style and Standard Editor. Adjust the settings only if you want to over- 
ride the default sheet metal parameters. Pick the Apply button to create contour flanges 
and remain in the tool, or pick the OK button to create contour flanges and exit. 


Exercise 15-8 


Access the Student Web site (www.g-wlearning.com/CAD) and = 
complete Exercise 15-8. 


NEW 
Use a lofted flange for applications such as a tapered column, reducer, transition Ẹ lofted flange: A 
piece, hopper, or any part that other sheet metal tools cannot build efficiently. Access f feon mne pon 
the Lofted Flange tool to create a lofted flange using the Lofted Flange dialog box. See ff or closed sketch 
Figure 15-32. Use the Profile 1 button to choose the first sketch profile. Then pick the Desc! oa” 


second sketch profile using the Profile 2 button. | face to create sheet 
metal faces, 


Create a seam by including a gap in both sketch profiles, or use the 
Rip tool, described in Chapter 16, after forming the lofted flange. 


io Hr 
Lofted Flange 


Use the thickness flip buttons to control the side of the sketch profile from which 
flange thickness occurs. Pick the Both Sides button to divide the thickness equally on 
both sides of the profile. Adjust the bend radius using the Radius text box only if you 
want to override the default bend radius, identified as BendRadius. 
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chord tolerance: 


_ The distance 


between an arc 
and facet edge ata 
line through the arc 
center point. 


| facet angle: The 


included angle with 
its vertex at the start 


_ of the facet, an arm 


tangent to an arc, 
and an arm collinear 


’ to the facet. 


chord length: The 
linear distance 
between two points 
on a circle or arc. 
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Figure 15-32. 
Creating a lofted flange using the Lofted Flange dialog box and Press Brake output. The 
Press Brake output simulates forming the part using a folder or brake. 
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The Press Brake output button is active by default and forms multiple breaks, 
creating facets at each corner. Refer again to Figure 15-32. Select an option from 
the Facet Control drop-down list to establish the number of facets. The greater the 
number of facets, the smoother the corner transition between profiles and the greater 
the number of faces. Select the Chord Tolerance option to use a chord tolerance, the 
Facet Angle option to use a facet angle, or the Facet Distance option to use a chord 
length. Specify a reasonable value in the corresponding text box. A larger chord toler- 
ance, facet angle, or facet distance creates fewer facets. Select the Converge check box 
to display relief in the folded model, in an attempt to form sharp corners in the flat 
pattern. See Figure 15-33. 


Editing Press Brake Bends 


During the preview of a contour flange, bend zone edit glyphs appear at loft 
transition corners. See Figure 15-34A. The lofted flange parameters and appropriate 
sheet metal usually create desirable facets. If not, pick a glyph to override the facet 
parameters using the Bend Zone Edit dialog box. Select the check box, and then define 
the desired facet control. In addition to the options available from the Lofted Flange 
dialog box, a Number of Facets method is available that allows you to specify the total 
number of facets using the text box. Individual facet bend edit glyphs also appear 
when you pick a Bend Zone Edit glyph. See Figure 15-34B. Select a bend edit glyph to 
override the corresponding bend parameters using the Bend Edit dialog box. 


Figure 15-33. 
The effect of selecting or deselecting the Converge check box. Its main purpose is to form a 
sharper point at corners. 
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Figure 15-34. 
A—Pick a bend zone edit glyph to display the Bend Zone Edit dialog box, used to edit facets. 
B—Pick a bend edit glyph to ak the Bend Edit dialog box, used to edit facet bends. 
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Figure 15-35. 

An example of a 
Press Brake and Die 
Formed output. 


Press Break l=] Die Formed 


Die Formed Output and Finalizing 


Select the Die Formed output to simulate forming the part using a die, forming 
block, or roller. See Figure 15-35. The Die Formed output creates a smooth transition 
between profiles and does not include facet options. Adjust the default settings in the 
Unfold Options tab only if you want to override the default unfold parameters. Pick the 
OK button to create the lofted flange and exit. 


Exercise 15-9 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 15-9. 


contour roll: A 
sheet metal! feature 
_ that uses an open 

_ profile sketch rolled 
around an axis to 

' create curved sheet 
» metal faces. 


A contour roll is appropriate for turning applications such as rolled faces, beads, or 
similar features. Access the Contour Roll tool to create a contour roll using the Contour 
Roll dialog box. See Figure 15-36. If a sketch includes one profile and a line assigned the 
centerline format, the profile and axis are selected automatically. If a sketch includes 
one profile, but not a line assigned the centerline format, the Axis button is active, es 
allowing you to pick the axis. If a sketch contains multiple profiles, the Profile button Sheet Metal 
is active, allowing you to pick the profile to roll. You must then select the Axis button | >? 
to pick the axis. 


Contour Roll 
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neutral radius: The 
distance between 
the bend and the 
neutral axis. 


unfold length 
(developed 
length): The length 
of the flat pattern 
required to form 
the roll. 
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Figure 15-36. 
Using the Contour Roll dialog box to create a contour roll. 


Open sketch profile selected Centroid cylinder 
to roll (sketched on XY plane) reference 


Gayitenr Rell 


eUnroling & Unfolding =~ =- 
£ Unvall Method 


EZES 


i i Neutral Radius: 2.169 in 
- Unrolled Length: 3.407 in 


a UNE ey greece eee 
oss g [Defaut Defaut Foton 


| 90 deg 2) 


Band Radius ; l 
ects a 


Preview 


Direction 
flip 
buttons 


~ Sketch includes a 
projected axis (Y axis) 


Linear diameter assigned a 


dimensional constraints 3 N 04.000 ceme ornai 
form by default when 9 


you pick a centerline 


The axis defines the centerline of the roll. You must consider the location of the 
axis when developing the sketch. An axis can be any line in the sketch, an axis in the 
Origin folder of the browser, or a work axis. Inventor recognizes the sketch centerline 
or construction and centerline format as an axis, which can automate selection. Use the 
thickness flip buttons to control the side of the sketch profile from which face thick- 
ness occurs. Pick the Both Sides button to divide the thickness equally on both sides 
of the profile. 

Use the Roll Angle text box to specify the angle, or amount, of roll with a value less 
than 360°. Use the direction flip buttons to control the side of the sketch plane from 
which roll angle occurs. Pick the Mid-plane button to divide the angle equally on both 
sides of the plane. The Unroll Method drop-down list allows you to specify additional 
unrolling, or unfolding parameters. The default Centroid Cylinder option calculates the 
neutral radius and unfold length based on your selections and the current settings. 
Pick the Custom Cylinder option to select a neutral axis, the Developed Length option to 
specify a developed length, or the Neutral Radius option to specify a neutral radius. 

Adjust the bend radius using the Radius text box, and the unfold rule using the 
Unfold Rule drop-down list, only if you want to override the default bend radius and 
unfold parameters. Pick the Apply button to create the contour roll and remain in the 
tool, or pick the OK button to create the contour roll and exit. 


Exercise 15-10 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Fxercise 15-10. 
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=m, Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


What are sheet metal parts? 

Define flat pattern and give another name for it. 
Define cutting in the context of sheet metal patterns. 
Define bent. 

What is a sheet metal rule? 

What is the purpose of bend relief? 

Where is the bend radius? 

What is corner relief? 

Define bend allowance. 

10. Give the typical values for k-factor and briefly describe its function. 
11. Where is the neutral axis? 

12. What is a style library? 

13. Describe a sheet metal face. 

14. Where does a double bend occur? 

15. What is a contour flange? 

16. Briefly describe a miter gap. 

17. Describe a flange. 

18. What is a datum? 

19. What is a hem? 

20. Describe the basic function of a lofted flange. 

21. What is a chord tolerance measurement? 

22. Describe a facet angle. 

23. Briefly describe a contour roll. 

24. What is the neutral radius? 

25. Describe unfold length and give another name for it. 
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Problems 


1-4 Instructions: Follow the specific instructions for each problem. 


1. Open the template file Sheet Metal-IN.ipt using the Open dialog box. Use the Style 
and Standard Editor to create and save a sheet metal rule named 26 GAGE STEEL. 
Select the Steel material and enter a thickness of .0179. Leave all other values set as 
default. Save and close the template file. 


2. Open the template file Sheet Metal-IN.ipt using the Open dialog box. Use the Style 
and Standard Editor to create and save a sheet metal rule named 4 GAGE 6061. 
Select the Aluminum-6061 material and enter a thickness of .2043. Leave all other 
values set as default. Save and close the template file. 


3. Open the template file Sheet Metal-mm.ipt using the Open dialog box. Use the Style 
and Standard Editor to create and save a sheet metal rule named 0.5 430. Select the 
Stainless Steel material and enter a thickness of 0.5. Leave all other values set as 
default. Save and close the template file. 


4. Open file P4-10.ipt and save it as P15-4.ipt. In the P15-4.ipt file, convert the model 
from a modeling application to a sheet metal application. Create a contour flange 
offset toward the inside of the sketch .5” midplane as shown. Resave the part. 


5—6 Instructions: 


Create sketches of the following objects. 

Develop sketch geometry from the projected center point. 

Infer as many geometric constraints as possible and appropriate. 

Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 

e Use the information in the status bar to create objects the approximate size given by 
the dimensional constraints. 
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e Add the dimensional constraints shown. 
e Add as much information as possible to the iProperties dialog box. Assign the speci- 
fied material and color to the part. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


5. Title: CLIP 
Units: Inch 
Template: Sheet Metal-IN.ipt 
Part Number: |AA-036-01 
Project: CLIP 
Material: According to sheet metal rule 
Color: As Material 
Sheet Metal Rule: 11 GAGE STEEL 
Save as: P15-5.ipt 
Specific Instructions: Create the sketch shown on the XZ plane. Use the Face tool 
to create a face offset above the sketch plane. Create a contour flange offset toward 
the inside of the sketch, along the selected edge, using the Offset width extents 
type and the information shown. The final part should look like the part shown. 
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6. Titles: INTERIOR HUB FLANGE and EXTERIOR HUB FLANGE 
Units: Inch 
Template: Sheet Metal-IN.ipt 
Part Numbers: |AA-037-01 (interior) and |AA-037-02 (exterior) 
Project: GENERATOR 
Material: According to sheet metal rule 
Color: As Material 
Sheet Metal Rule: 11 GAGE STEEL 
Save as: P15-6INT.ipt (interior) and P15-6EXT.ipt (exterior) 
Specific Instructions: 


Projected 
center point 


Horizontal i 


. Create the sketch of the octagon (use the Polygon tool) on the XZ plane, as 


shown in A. 

Use the Face tool to create a face offset above the sketch plane, as shown in B. 
Create the sketch shown on the XY plane, as shown in B. 

Create a contour flange offset toward the outside of the sketch, along the 
selected loop, using the information shown in C. 

Open a sketch on the face shown and sketch the circle shown in D. 

Cut the circle through the thickness of the material. 


- Use the Circular Pattern tool to pattern the cut as shown in E. Select the default 


Y axis as the rotation axis, specify a count of 8, a fitted position method, and 
360° angle. 


. Cut a Ø1.5” circle, with a center coincident to the projected center point as 


shown in E. The final part should look like the part shown. 

Save the part as P15-6INT.ipt. 

Edit the contour flange sketch as shown in F. The final part should look like 
the part shown in G. 

Save the part as P15-6EXT.ipt. 
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7. Title: FRAME BRACKET 
Units: Inch or metric 
Template: Sheet Metal-IN.ipt or Sheet Metal-mm.ipt 
Part Numbers: IAA-567-01 
Project: CART 
Material: According to sheet metal rule 
Color: As Material 
Sheet Metal Rule: Create an appropriate sheet metal rule for 18-gauge cold-rolled 
steel 
Save as: P15-6.ipt 
Specific Instructions: Create a sheet metal part according to the specifications 
above and the drawing shown. 
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A CHAPTER 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
Add folds and bends. 

Create cuts and use the PunchTool. 

Place corner rounds and chamfers. 

Use the Corner Seam and Rip tools. 

Unfold and refold for feature development. 

Create and work with flat patterns. 


SNA Sa SN 


This chapter describes additional common sheet metal features and tools some- 
times required to correct modeling errors. You will also learn to unfold and refold 
formed sheet metal products during part development to create features in reference 
to the flat pattern. This chapter ends by describing flat pattern tools and techniques. 


NS SAE: A ER RL ra RTE 


To create a fold, first sketch a single line that extends across the entire portion of 
the feature to fold, without extending past the sketch plane. Then access the Fold tool 
to fold the part using the Fold dialog box. See Figure 16-1. Use the Bend Line button to 
select the sketch line where the fold will occur. The Flip Side and Flip Direction buttons | 


control where the angle of the fold applies. 


_Pick the Center Line of Bend button to use the bend line as a centerline, bending | _ Tae 


the material equally on each side of the bend line. Select the Start of Bend button to 
start the bend at the bend line, placing the bend on the portion of the material that is 
bent. Pick the End of Bend button to begin the bend on the opposite side of the bend 
line, placing the bend on the portion of the material that is unbent. 

Use the Fold Angle text box to specify a fold angle, or included bend angle. Figure 16-2 
shows some of the bends you can create using a 90° bend angle. Adjust the bend radius 
using the Bend Radius text box only if you want to override the default bend radius. 
Pick the Apply button to create the fold and remain in the tool, or pick the OK button 
to create the fold and exit. 


Ribbon 


Sheet Metal = . 
. > Create 


jia iite 
bi A 
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Figure 16-1. 
Using the Fold dialog box to create a fold at a sketch line. Use the direction and side icons to 
help determine the correct fold from the bend line. 


ni Selected sketch 
Shape | Unfold Options | Bend | line 
Bend Line 
| > Flip Controls ~ Fold Angle 
F lip Side Hg luo T 
Bend Radius 
Fold Location 
Flip Direction p BendRadus a $ 
button ) 


Fold location 
extents 

(centerline of 
bend active) 


Centerline 


of Bend 
button 


Start of Bend End of Bend 
button button 


Side Direction 


Figure 16-2. 
Examples of 90° folds created by adjusting fold parameters. You can use any fold angle 
appropriate for the sheet metal parameters. 


Dia aa 
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Exercise 16-1 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 16-1. 


A bend is usually created during part development using sheet metal feature 
tools. However, it may be necessary to add a bend when a bend does not form, when 
you are building a sheet metal part from a converted non-sheet metal part, or to place 
a double bend. See Figure 16-3. Access the Bend tool to add bends using the Bend 
dialog box. See Figure 16-4. Use the Select Edges button to pick a single edge, as 
| Shown in Figure 16-3A, or two edges, as shown in Figure 16-3B. 

Options for placing a double bend using the Bend tool are the same as those for 
_| creating a double bend with the Face tool. The settings in the Radius text box, and 


402 Inventor and Its Applications 2010 


Figure 16-3. 
A—Bending a sharp corner so that the part can unfold into a flat pattern. B—Adding a 90° 


double bend between two parallel faces. 
Bend rs 


Selected edge 


Original Part Complete Part 
Selected edges 
e 90 Degree bend 
Original Part Complete Part 
E 


Figure 16-4. 
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button 


Unfold Options and Bend tabs are the same as those located in the Style and Standard 
Editor. Adjust the settings only if you want to override the default sheet metal param- 
eters. Pick the OK button to create the fold and exit, or pick the Apply button to create 
the fold and remain in the tool. Pick the OK button to exit. 


To change a bend to a corner seam, right-click on the bend in the 
browser and select Change to Corner. The bend is removed and the 
Corner Seam dialog box appears. 
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Exercise 16-2 


Access the Student Web site (www.g-wlearning.com/CAD) and | 
complete Exercise 16-2. 


A sheet metal cut uses a closed profile sketch to remove material from existing 
features. Access the Cut tool to create a cut using the Cut dialog box. See Figure 16-5. If a 
sketch includes one profile, the profile is selected automatically. If a sketch contains 
multiple profiles, the Profile button is active, allowing you to pick profile(s). The 
Distance, To Next, To, From To, and All extents options behave the same as when adding 
a cut extrusion using the Extrude tool. 

Figure 16-5 shows an example of using the Distance extents option with the default 
Thickness value to cut through the material thickness, even after you make changes to 
the thickness parameter. Figure 16-6 shows an example of another application and 
examples of the other extents options. When the Distance extents option is selected, 
the Flip and Both Sides buttons are available to adjust where the cut occurs. When the 
To or From To extents option is selected, and the selected face does not intersect the cut 
path, pick the Terminate feature on extended face check box. 

Pick the Cut Across Bend check box, located in the Shape area, to cut through 
the material thickness and wrap the cut around bends and faces that are not coplanar 
to the sketch plane. See Figure 16-7. You can override the default distance to cut past 
features if necessary using the text box in the Extents area. Pick the OK button to create 
the cut. 


Figure 16-5. 

Using the Cut dialog 

box to cut a sketch 

profile through Selected sketch Preview 
sheet metal features. profile 


— Pee. z Extents a hee een 
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Figure 16-6. 


Examples of cutting using each extents option. 
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Figure 16-7. 
Using the Cut Across Bend option to cut a circle through and along bends and faces that are 
not coplanar to the sketch plane. Notice that the flat pattern retains the correct circle shape. 
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Exercise 16-3 


Access the Student Web site (www.g-wlearning.com/CAD) and m 
complete Exercise 16-3. 


Projecting Flat Pattern Geometry 


Sometimes when developing a sheet metal sketch, it is necessary to reference flat | 
pattern geometry without creating a flat pattern or unfolding the part. While sketching, | 
access the Project Flat Pattern tool and then pick surfaces to project the corresponding | *“sF - 
flat pattern geometry onto the sketch plane at the current design state. Selecting a | Project Flat Pattern 


Ribbon 
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` sheet metal punch: 
~ Apress or similar 
tool used to forma 
specific shape or 
hole in sheet metal. 
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eee 
Figure 16-8. 


A—Projecting flat pattern geometry onto a sketch plane. Notice that bend centerlines also 
project. B—Dimensioning to flat pattern edges. C—Using the Cut tool to cut across bends. 
Notice that the specified .5” sketch dimension accurately wraps to the vertical face. 
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single face sometimes projects other tangent faces, though often you must pick each 
surface individually. See Figure 16-8A. 

You can use projected flat pattern geometry for a variety of applications. One of the 
most common applications is dimensioning a sketch profile to flat pattern edges. See 
Figure 16-8B. When used with the Cut tool and Bend Across Cut option, for example, 
the cut occurs according to flat pattern requirements. See Figure 16-8C. 


Exercise 16-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 16-4. 


The PunchTool uses sheet metal iFeatures to replicate the process of using a sheet 
metal punch tool. Using the PunchTool is similar to inserting an iFeature. However, 
PunchTool iFeatures reference sketched points for positioning. 
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Creating PunchTool iFeatures 


You can create and store a PunchTool iFeature using techniques similar to creating 
and storing standard iFeatures, including table-driven iFeatures. However, PunchTool 
iFeatures have specific additional requirements and options. PunchTool iFeature sketch 
geometry must include a point created using the Point, Center Point tool in order 
for you to position the iFeature using the PunchTool. See Figure 16-9A. Sheet metal 
features, such as the cut shown in Figure 16-9B, complete the iFeature geometry. 

Access the Extract iFeature tool to extract an iFeature using the Extract iFeature REZ 
dialog box. See Figure 16-10. To extract a PunchTool iFeature, pick the Sheet Metal Punch | 
iFeature radio button. Then select features to extract. Set size parameters and position 
geometry using the same methods as when extracting a standard iFeature. If necessary, | 
enter a punch ID in the Specify Punch ID text box. Drawing tools are available that allow 


$ 
Extract iFeature 


punch ID; A 

number, name, 
n, MaMa code, or other value 
F igure 16-9. typically used when 
A—An example of the base feature sketch used to develop a PunchTool iFeature. The sketch i Panno a et 
point positions the iFeature when punched using the PunchTool. B—The completed feature ae eben 


created using the Cut tool, ready for iFeature extraction. 


k Face not included 
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Sketch center point 


Figure 16-10. 
The Extract iFeature dialog box with the Sheet Metal Punch iFeature radio button selected. 
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you to extract the specified punch ID into a specific note or for use in a form of tabular 
dimensioning. 

The settings in the Style and Standard Editor control how sheet metal punches 
created using the PunchTool appear in the flat pattern. If you select the 2D Sketch 
Representation or 2D Sketch Rep and Center Mark option in the Flat Pattern Punch 
Representation area of the Sheet tab, a sketch or a sketch and a center mark appear in 
place of the punched feature in the flat pattern. To specify which sketch appears, pick 
the Select Sketch button and select a sketch from the browser. If you do not select a 
sketch, no sketch appears in the flat pattern. 

If appropriate, enter the default custom punch depth in the Custom text box. You 
can adjust the depth when you insert the iFeature using the PunchTool. The depth 
does not change the appearance of the iFeature. A depth is typically appropriate when 
you are preparing a 2D drawing to identify the punch depth. You can use drawing 
tools to extract the specified punch depth as needed. 


Table-driven iFeature tables include Sheet Metal Rule, Sheet Metal 
Unfolding Rule, and Flat Pattern Orientation columns. 


Save all PunchTool iFeatures in a specific location. Supplied PunchTool 
iFeatures are located in the following path: Program Files/Autodesk/ 
Inventor 2010/Catalog/Punches. 


Exercise 16-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 16-5. 


Punching 


To prepare a feature for punching using an sheet metal punch iFeature, sketch 
points using the Point, Center Point tool. See Figure 16-11. You can include multiple 
points in a sketch to punch the same iFeature multiple times in a single operation. 
Access the PunchTool tool to display the PunchTool Directory dialog box. Use the 
dialog box to locate and open an iFeature punch file anywhere on your computer or 
the network. 

Once you select an iFeature, the PunchTool dialog box and a punch preview appear 
at each unconsumed sketch point. The Preview tab, shown in Figure 16-12A, displays 
the contents of the folder in which the selected punch resides, and a preview of the 
selected punch. Select a different available punch if appropriate. 

The Geometry tab, shown in Figure 16-12B, allows you to pick additional sketch 
points using the Select Centers button. To disable punching at certain center points, 
pick the Select Centers button, hold down [Ctrl], and pick the center points to deselect. 
Use the Angle text box to specify the punch angle. The Geometry tab also helps satisfy 
dangling geometry, such as faces, edges, angles, or other reference points. To satisfy 
dangling geometry, pick a name from the Dangling Geometry list box and follow the 
prompt. 
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Figure 16-11. 
An example of 
a feature with a 
sketch, ready to 
receive a punch. 


Point, Center Point 


Figure 16-12. 

A—The Preview tab of the PunchTool dialog box contains a list of available punches and a 
preview of the selected punch. B—The Geometry tab allows you to add one or more punches 
to the selected part and define the punch angle. C—The Size tab allows you to change the 
size of included parameters. 
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The Size tab, shown in Figure 16-12C, lists size parameters specified during the 
iFeature definition in the Size list box. The prompts guide you through the iFeature 
sizing process. If you specified the None size limit option, enter any appropriate value. 
If you specified the Range size limit option, enter a value within the range. If the speci- 
fied size is outside the range, the value is red. If you specified the List size limit option, 
choose a value from the drop-down list. A punch can also be table-driven. Pick the 
Refresh button whenever you reposition or resize the punch to preview the changes. 
Pick the Finish button to complete the punch operation. 


Exercise 16-6 _- 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 16-6. 
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ff corner rouna: A A corner round is common for removing sharp points and edges, or for applying a 
> curve placed a . . : 
| an inside (fillet) or required radius. Access the Corner Round tool to place corner rounds using the Corner 


outside (round) = Round dialog box. See Figure 16-13. Use the Corner Round dialog box to create fillets 
Ribbon and rounds with various radii without continually re-accessing the Corner Round tool. 
Sheet Metal You can add all of the fillets and rounds shown in Figure 16-13, for example, using a 


> Modify A š 2 ; : R 
pa single corner round operation, which displays as a single feature in the browser. 


g Sise 
= i 
P 


Corner Round 


If you plan to suppress certain corner rounds or want to have addi- 
tional corner round features access the Corner Round tool more 
than once. 


Specify a radius using the Radius column text box. Then use the Corner radio 
button to select individual corners, or pick the Feature radio button to assign the same 
radius to all corners of a selected feature. To apply fillets and rounds with different 
radii using a single Corner Round operation, pick the Click to add a corner set button. 
Then enter a radius and select corners or features. Continue adding fillets and rounds 
as required. Pick the OK button to create the feature and exit. 


a a ee E 
| Deselect chosen corners by holding down [Ctrl] and picking the 
corners. To delete a corner listed in the Corner list box, pick the 
corner and press the [Delete] key. 


Exercise 16-7 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 16-7. 


Figure 16-13. 
Using the Corner Round dialog box to apply several corner rounds with different radii. 
Notice that you can select only feature corners. 
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| corner chamfer: 

~ An angled face that 
` replaces a square 
corner on a sheet 

|! metal feature. 


A corner chamfer is commonly used to remove sharp points and edges or to apply 
required angular geometry. Access the Corner Chamfer tool to place corner cham- 
fers using the Corner Chamfer dialog box. You can add all of the chamfers shown in 
Figure 16-14, for example, using a single corner chamfer operation. All of the chamfers gemy 
are then displayed as a single feature in the browser. Sheet Metal 


> Modify 


annonce 


l 


A 


Corner Chamfer 


The Corner Chamfer tool creates one or more corner chamfers of 
the same size. You must reuse the tool to create a corner chamfer of 
a different size. All corner chamfers placed during one operation 
make up a single feature in the browser. 


To create a corner chamfer, select the appropriate chamfer method button. 
Figure 16-15 shows how each method defines the size and shape of the corner chamfer. 
Use an approach similar to that for creating chamfers using the Chamfer tool. When 
you apply the Distance and Angle option, the Edge button allows you to select the 
edges from which the angle measures, actually a thin sheet metal face. The Corners 
button allows you to select the chamfered corners from which the chamfer distance 
measures. See Figure 16-15. Pick the Apply button to create the feature and remain in 
the Corner Chamfer tool, or pick the OK button to create the feature and exit. 


Deselect selected edges by holding down [Ctrl] and picking the 
edges to remove from the operation. 


Exercise 16-8 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 16-8. 


Figure 16-14. 
Use the Corner Chamfer dialog box to apply corner chamfers. You must reuse the tool to 


create chamfers of a different size. 
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Figure 16-15. 
The three methods of defining corner chamfers using the Corner Chamfer dialog box. 
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Í corner seams: Seams at intersecting, perpendicular, or coplanar sheet metal corners are usually 
fgmove materalte. created during part development using sheet metal feature tools. However, it may be 
form a gapatsheet necessary to modify a corner seam, or add a corner seam in the form of a corner 
: metal part corners. n . . 
B rip, such as when building a sheet metal part from a converted non-sheet metal part. 
corner rip: . . 
| feature that opens Access the Corner Seam tool to modify or add corner seams using the Corner Seam 


Goedel ced dialog box. See Figure 16-16. 
- Square, corners. 


Ribbon 


sheet Metal Nonplanar Feature Corner Seams 
> Mo l 


Sya] To modify a corner seam between nonplanar features, select the Seam radio button, 
Y and then use the Edges button to pick edges. A preview of the operation appears, showing 
Comerseam | material to add and/or remove to form a gap, depending on the selected edges and 
existing features. The Maximum Gap Distance radio button is active by default and 
is intended to replicate a gap measured using a groove or gap gage. The Face/Edge 
Distance option applies the method of corner seam placement used in versions of 


eee 
Figure 16-16. 


Adding a corner seam between nonplanar features using the Corner Seam dialog box. 
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Figure 16-17. 
Corner seam options available for placing a seam between nonplanar features. 
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Inventor prior to 2008. In this method, the gap is measured from the face next to the 
first selected edge to the second selected edge. Figure 16-17 shows an example of each 
seam option applied to the part shown in Figure 16-16. 

The Percent Overlap text box becomes enabled when you apply Overlap or Reverse 
Overlap corner seams. If necessary, enter a value from 0 to 1 to adjust the overlap. See 
Figure 16-18. Adjust the seam gap using the Gap text box only if you want to override 
the default seam opening with a value greater than 0. 


Isometric view Side view 
Percent Overlap = 1 


Isometric view Side view 
Percent Overlap = .5 


Isometric view Side view 
Percent Overlap = 0 


oo: C a ne 16-18. 
Examples of overlap 
percentages. You can 
also adjust reverse 
overlap percentages. 
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Coplanar Feature Corner Seams 


To modify a corner seam between coplanar features, select the Seam radio button, 
and then use the Edges button to pick edges. Figure 16-19 shows two possible pairs of 
selected edges. A preview of the operation appears, showing material to add and/or 
remove to form a gap, depending on the selected edges and existing features. Use the 
default Maximum Gap Distance option or pick the Face/Edge Distance radio button. 
Figure 16-20 shows examples of each seam option applied to each pair of selected 
edges shown in Figure 16-19. Adjust the seam gap using the Gap text box only if you 
want to override the default seam opening with a value greater than 0. 


Corner Rips 


Pick the Rip radio button to rip an intersecting, often square, corner. See 
Figure 16-21. Rips may be required during sheet metal part development, but they 
are most commonly used when creating a sheet metal part from a standard part. The 


Figure 16-19. 
Adding a corner seam between coplanar features. 
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Figure 16-20. 
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Figure 16-21. 
Creating a corner rip. This part can now unfold into a flat pattern. 
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Edges button is active, allowing you to pick existing feature edges. The Face/Edge 
Distance radio button is automatically activated. Select the appropriate overlap option 
or pick the Maximum Gap Distance radio button, which only allows you to create a 
symmetric gap. Adjust the rip gap using the Gap text box only if you want to override 
the default seam opening with a value greater than 0. 


Additional Options and Finalizing 


Pick the More button to access additional corner seam options. The Measure Gap 
button is available when you create a 45° corner miter. Pick the Aligned radio button to 
align the selected face edges by projecting the first face edge to the second face edge. 
Choose the Perpendicular radio button to project the first selected face edge perpen- 
dicular to the second selected face edge. 

The settings in the Bend and Corner tabs are the same as those located in the Style 
and Standard Editor. Adjust the settings only if you want to override the default sheet 
metal parameters. Pick the Apply button to create the feature and remain in the tool, or 
pick the OK button to create the seam or rip and exit. 


| To change a corner seam into a bend, right-click on the corner 
seam in the browser and select Change to Bend. The corner seam is 
removed and the Bend dialog box appears. 


Exercise 16-9 


complete Exercise 16-9. 


The Rip tool allows you to use the Rip dialog box, shown in Figure 16-22, to add 
a seam opening when one does not form during sheet metal part development, or to 
remove a face. Unless you plan to remove a face, you must first sketch a point or two 
points to indicate the extents of the rip. You can select a curve endpoint or center point 


Figure 16-22. 
Using the Rip dialog box to add a seam on a face using a single sketch point. 
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or a point sketched using the Point, Center Point tool. Depending on feature geometry, 
you may be able to create a rip perpendicular to an edge at a single sketch point, using 
the Single Point rip type, as shown in Figure 16-22. Use the Rip Face button to select 
the face to receive the seam. Then pick the Sketch Point button and select the sketched 
point on the face. 

To create a seam that is not perpendicular to an edge, or a nonlinear seam, sketch 
two points and use the Point to Point rip type. See Figure 16-23. Use the Rip Face 
button to select the face to receive the seam. Select the Start Point button and pick 
the first sketched point on the face, and then select the End Point button and pick the 
second sketched point. The Single Point and Point to Point options include Flip and 
Both Sides buttons that allow you to adjust where the rip occurs. If necessary, you can 
override the default seam size using the Gap Value text box. 

To remove a face, select the Face Extents rip type, followed by the face to remove. 
See Figure 16-24. Removing a face is common when part development forces an unnec- 
essary face, or to create a seam at a bend. Pick the Apply button to apply the rip and 
remain in the tool, or pick the OK button to create the rip and exit. 


Figure 16-23. 
Ripping a seam from one sketch point to another. 
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Figure 16-24. 
Removing a face using Face Extents option of the Rip tool. In this example, a bend is removed 
to create a seam. 
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While developing a sheet metal part, you may find it necessary to create features 
by referencing the flat pattern, because adding these features to the folded part may be 
too difficult or create incorrect folded or flat pattern geometry. You can unfold a sheet 
metal part to create a flat pattern, as described later in this chapter. However, Inventor 
does not retain features added to a flat pattern when you return to the folded model. 
The solution is to use the Unfold and Refold tools. 


You may find the Unfold and Refold tools more effective than using 
the Project Flat Pattern tool for some applications, such as when 
working with complex model geometry, or when a sketch requires 
a work plane. 


Unfolding 


Access the Unfold tool to unfold a folded modeling using the Unfold dialog box. See 
Figure 16-25. Use the Stationary Reference button to select a face that remains fixed 
during the unfold operation. All bends that can unfold are highlighted in a different 
color than the stationary reference. Use the Bends button to pick individual bends to 
unfold, or select the Add All Bends button to unfold the entire model, if possible. 

Next, use the Sketches button to select unconsumed sketches that were not 
sketched on the stationary reference to project onto the unfolded model as a copy. The 
selected Parent is Visible check box maintains visibility of the parent sketch, until you 
turn off the visibility. Pick the Apply button to unfold the part and remain in the tool, 
or pick the OK button to unfold the part and exit. 


Refolding 


Add features to an unfolded part as necessary. When you are finished, return to 
the previous folded state by right-clicking on the Unfold feature in the browser and 


| selecting Refold Feature. See Figure 16-26A. Any features added to the unfolded model 


Figure 16-25. 
Use the Unfold tool to unfold a part temporarily. Once the part is unfolded, you can add 
features positioned better according to the flat pattern. 
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Figure 16-26. 

A—Adding features in the unfolded state and then refolding to return to the original model. 
B—Use the Refold tool to refold a model with a copy of an unconsumed sketch or to refold in 
a different format. 
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are folded with the model. Unconsumed sketches added to the unfolded part remain 
with the unfolded feature. 

To include unconsumed sketches during the refold or to fold the model differently, 
access the Refold tool to display the Refold dialog box. The Refold tool includes the 
same options as the Unfold tool, but is a reverse of the Unfold tool. Figure 16-26B shows 
an example of using the Refold tool to refold a model into a different orientation. 


Exercise 16-10 E 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 16-10. 
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Once you create a folded sheet metal part, or at any time during sheet metal part devel- 
opment, you can use the Flat Pattern tool to display the flat pattern. See Figure 16-27. The 
`| flat pattern appears in a separate work environment, as shown in Figure 16-28. The 
| modeling and sheet metal tools provided in the flat pattern work environment allow 
| you to view and adjust the flat pattern as needed. Changes made to the flat pattern are 
not reproduced in the folded model. 
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| Sheet Metal 
> Flat Pattern 


a 


| Go to Fiat Pattern 


Figure 16-27. 
A folded sheet metal part and the corresponding flat pattern. 
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Figure 16-28. 
The flat pattern work environment. 
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You can toggle between the folded and flat model as needed. To re-enter the folded Eiki 
model work environment, use the Folded Part tool, or double-click or right-click on |S flat pattern 
Folded Model in the browser and select Edit Folded. To re-enter the flat pattern work a | 
environment, use the Flat Pattern tool, or double-click or right-click on Flat Pattern in am 
the browser and select Edit Flat Pattern. The flat pattern remains in the file until you | Goto Folded Part 


delete it by right-clicking on Flat Pattern in the browser and selecting Delete. 


Editing the Flat Pattern Definition 


Right-click on Flat Pattern in the browser and select Edit Flat Pattern Definition to 
display the Flat Pattern dialog box. See Figure 16-29. To observe changes to settings in 
the Flat Pattern dialog box, you must select the Apply button to remain in the dialog 
box, or select the OK button to display the changes and exit the tool. 

The Orientation tab allows you to adjust the flat pattern orientation by aligning, or 
rotating, the flat pattern in reference to an axis. Use the Alignment Axis select button 
to pick a curve to specify where alignment occurs. Pick the Flip Alignment Axis button 
to reverse the alignment axis. Select the Align Horizontal radio button to align the flat 
pattern with the horizontal axis, or choose the Align Vertical radio button to align the 
flat pattern with the vertical axis. Select the Flip to opposite face button to specify the 
opposite flat pattern face as the base face. 

Right-click on the Default orientation and select the appropriate option to create, 
rename, activate, delete, or save changes to the active orientation. You can also use the 
Save button to save changes to the active orientation. Adjust the settings in the Punch 
Representation and Bend Angle tabs only if you want to override the default sheet 
metal parameters. 


Cosmetic Centerlines and Extents 


Bend centerlines and extents appear by default in the flat pattern. Use the repre- 
sentations to view bend parameters and take measurements as needed. Appropriate 
bends usually form during folded model development. If you cannot build a certain 
folded feature, but still require bend content in a flat pattern drawing, sketch a bend [Ruy 
centerline across an entire flat pattern face. Then access the Cosmetic Centerline tool |Fiat Pattern 
to convert the line using the Cosmetic Centerlines dialog box. Select the sketched line | m3 
and specify bend parameters. The default Press Break option allows you to indicate a Lae | 
bend, similar to using the folded part Fold tool. The None option creates a centerline, Cosmet 


and the Crease option allows you to identify a crease or score line. — 


Figure 16-29. 
Use the Flat Pattern dialog box to adjust flat pattern definition options. 
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Bend Order Annotation 


The sequence, or order, in which bends occur, is usually essential to sheet metal 


| part forming. Sometimes a flat pattern drawing includes the order, especially when 
| a bend table documents bend parameters. See Figure 16-30. Inventor automatically 
| assigns bend order based on folded model and flat pattern geometry. Use the Bend 


Order Annotation tool in the flat pattern work environment of the sheet metal part file 
to view and adjust bend order. 

Glyphs appear, indicating the default order. See Figure 16-31A. For most applica- 
tions, you can make changes to the bend sequence by right-clicking and selecting a 
reorder option. Select Directed Order to pick the first and last bend glyphs, allowing 
Inventor to attempt to calculate the correct order. Choose Sequential Order to pick 
glyphs in sequential order until the correct override order appears. See Figure 16-31B. 
You also have the option of picking a glyph to edit the glyph, including duplicating 
numbers, using the Bend Order Edit dialog box. To eliminate overrides, right-click and 
select Remove All Overrides. When you are finished, right-click and select Finish Bend 
Order. 


Figure 16-30. 
An example of a drawing with bend parameters extracted from the model to form a bend 
table. 
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Figure 16-31. 
A—Glyphs representing the default bend order. B—Reordering glyphs sequentially until the 
correct sequence appears. 
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Viewing Extents 


Right-click on Flat Pattern in the browser and select Extents... to show the Flat 
Pattern Extents display box. See Figure 16-32. Use this function to view the overall 
material width, length, and area needed to create the part. You cannot edit the length 
and width in the Flat Pattern Extents display box, but you can use measuring tools to 
view pattern measurements. 


Complex features, such as embossed iFeatures, may remain as 
shown in the folded model, while other features unfold. 


. to open the 
Save Copy As dialog box, which allows you to save a copy of the flat 
pattern as an SAT, DWG, or DXF file. 


Exercise 16-11 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 16-11. 


Figure 16-32. 


Right-click on Flat-Patter i dent: | 
Flat Pattern in the Length (x): _ 
browser and pick 23.247 in in 
Extents... to display Sheet Extent Area: 

the width, length, ai 

and area of the flat | 
pattern. : - - 


Chapter 16 Additional Sheet Metal Tools 


423 


© 
y 
E 
O 
s+ 
zs 
6 
= 
U 
5 
a] 
E 
= 
a 
© 
a. 


424 


WNP 


— = 
PASG uD ge 


iS. 


14. 
1D. 


=, Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
% or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


What is a bend line? 

How can you quickly change a bend into a corner seam? 

Explain how to create a cut that wraps around bends and faces that are not coplanar 
to the sketch plane. 

Explain the basic function of a sheet metal punch. 

What is the difference between inserting an iFeature and using the PunchTool? 
When might you use a punch ID? 

Describe the “dangling geometry” condition and explain its cause. 

Describe a corner round. 

What are corner chamfers? 

Briefly describe corner seams. 

What is a corner rip? 

Which tool allows you to create a seam opening in a model? 

When you unfold a sheet metal part to create a flat pattern, Inventor does not 
retain features added to a flat pattern when you return to the folded model. Name 
the tools that provide the solution to this situation. 

Name the tool used to display a flat pattern after it has been created. 

What does Inventor use as a basis to assign bend order? 


Inventor and Its Applications 2010 


Problems 


Instructions: Follow the specific instructions for the following problem. 


1. Open file P15-4.ipt and save it as P16-1.ipt. In the P16-1.ipt file, open a sketch on 
the face shown and create the sketch geometry. Sketch rectangles collinear to the 
contour flange edges to fully constrain the sketch. Cut the profiles shown through 
all to create the final part. Resave the part. 


P Sketch plane 


Cut profiles 


2—6 Instructions: 


Create sketches of the following objects. 
Develop sketch geometry from the projected center point. 
Infer as many geometric constraints as possible and appropriate. 
Add geometric constraints as appropriate, and use equal constraints for like objects 
not dimensionally constrained in the problem figure. 
e Use the information in the status bar to create objects the approximate size given by 
the dimensional constraints. 
e Add the dimensional constraints shown. 
e Add as much information as possible to the iProperties dialog box. Assign the speci- 
fied material and color to the part. 
e Follow the specific instructions for each problem to create the features. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 
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hg intermediate] | 2. Title: HOUSING 

— Units: Inch 
Template: Sheet Metal-IN.ipt 
Part Number: IAA-039-01 
Project: HOUSING 
Material: According to sheet metal rule 
Color: Galvanized (texture) 
Sheet Metal Rule: 11 GAGE STEEL 
Save as: P16-2.ipt 
Specific Instructions: 
A. Create a 4” x 6” face and add 2” flanges around the face as shown. The flanges 
should offset toward the face and occur in a positive direction. Modify each of 
the corners with a Maximum Gap Distance — Symmetric Gap seam and a round 
bend relief as shown. Add two flanges to the 4” long sides first. 
Add two 1” flanges as shown. The flanges should offset toward the base flanges. 
Place four .25” holes on the flanges as shown. Use horizontal and vertical 
constraints to pattern the hole centers. 
Sketch and constrain a circle on the face shown, and cut the circle across the 
bend of the specified flange. 
Sketch and constrain a rectangle on the face shown, and cut the rectangle 
across the bend of the specified flange. 
The final part should look like the part shown. 
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3. Title: LOUVER 

Units: Metric 

Template: Sheet Metal-mm.ipt 

Part Number: !AA-040-00 

Project: LOUVERED COVER 

Material: According to sheet metal rule 

Color: As Material 

Sheet Metal Rule: 0.5 430 

Save as: P16-3.ipt 

_ Specific Instructions: 

A. Create a 50 mm x 100 mm face as shown. 

B. Sketch the rectangle and Point, Center Point on the face as shown for refer- 
ence. Cut the rectangle through the face and place R12 mm corner rounds as 
shown. 

C. Open a sketch on the inside of the cut and sketch the geometry shown. You 
may want to use Slice Graphics for clarity. This sketch is a sweep profile. 

D. Open a new sketch on the top of the face and project the geometry shown. 
This sketch is a sweep path. 

E. Access the Part Features tools and create a sweep feature using Sketch3 as 
the profile and Sketch4 as the path. The sweep should look like the feature 
shown. 


v Intermediate 


Problems - Chapter 16 


Chapter 16 Additional Sheet Metal Tools a 


F. Using the Create iFeature dialog box, create an iFeature from the cut, corner 
round, and sweep. Name the iFeature Louver, and specify thickness, length, 
and width size parameters. Save the iFeature in a location of your choice for 
future access. 

The final part should look like the part shown. 


Sketch profile 
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4. Title: LOUVERED COVER 
Units: Metric j 
Template: Sheet Metal-mm.ipt 
Part Number: IAA-040-01 
Project: LOUVERED COVER 
Material: According to sheet metal rule 
Color: As Material 
Sheet Metal Rule: 0.5 430 
Save as: P16-4.ipt 
Specific Instructions: Create a 300 mm x 400 mm face and add 25 mm flanges to 
the 300 mm edge as shown. Add single hems to the 400 mm edge as shown. Sketch 
a Point, Center Point on the top of the face as shown. Insert the louver iFeature 
created in P16-2.ipt on the Point, Center Point. Use the Rectangular Pattern tool to 
space louvers equally as shown. The final part should look like the part shown. 
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5. Title: BOTTLE HOLDER 
Units: Inch or Metric 
Template: Sheet Metal-IN.ipt or Sheet Metal-mm.ipt 
Part Numbers: |AA-038-01 
Project: BOTTLE HOLDER 
Material: According to sheet metal rule 
Color: White 
Sheet Metal Rule: Create an appropriate rule 
Save as: P16-5.ipt 
Specific Instructions: Use a single contour flange and fold to create a refrigerator 
two-liter bottle holder similar to the part shown. 


Kg Advanced | | 6. Title: SEAT BASE 

k Units: Inch 

Template: Sheet Metal-IN.ipt 

Part Number: IAA-041-01 

Project: SEAT 

Material: According to sheet metal rule 

Color: Default 

Sheet Metal Rule: 4 GAGE 6061 

Save as: P16-6.ipt 

Specific Instructions: Create a sheet metal seat base similar to the seat base 
shown. When finished, use the Flat Pattern tool to view the seat base flat pattern. 
Save the flat pattern as P16-6.sat. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 

Y Describe methods of producing assembly models. 

V Insert components to build assemblies. 

¥ Assemble components using constraints. 

v» Drive constraints to view and animate assembly movement. 


Use an assembly file to bring multiple parts and subassemblies, known as 
components, together to form an assembly model. See Figure 17-1. Assembly constraints 
allow you to assemble components. This chapter focuses on beginning an assembly, 
inserting components, and applying assembly constraints. 


Assembly files carry the extension .iam. One option for developing an assembly 
is to insert existing components into an assembly file and then assemble the compo- 
nents with constraints. This is an example of a process that some designers refer to as 
bottom-up design. This technique is appropriate if all or most components already 
exist. Depending on your approach and the complexity of the assembly, you can insert 
all components before applying constraints, as shown in Figure 17-1. A common alter- 
native is to insert and constrain one or two components at a time. 

_ Another option is to create new components in place within an assembly file. This 
is an example of a process that some designers refer to as top-down design. Both 
assembly techniques are effective, and a combination of methods is common. For some 
applications, however, it is faster, easier, and more productive to develop components in 
place. Developing components in an assembly file creates an assembly and a separate 
part or assembly file for each component. Chapter 18 describes building assemblies in 
place. 


/ assembly: A 


grouping of one 
or more design 
components. 


' subassembly: An 


assembly placed in 


- a larger assembly. 


components: Parts 
and subassemblies 
used to form an 


-= assembly. 


_ bottom-up design: 


A design approach 
that brings individual 
components 


_ together to form an 


assembly. 


| top-down 


design: A design 
approach in which 
the assembly 


-= controls, or 
| produces, individual 
» components. 
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Figure 17-1. 
An example of guitar components, including parts and subassemblies, brought together to 
form an assembly model. (Model courtesy of Ethan Collins) 
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The Assembly environment includes molding tools that allow you 
| to create sketches and some features, such as extrusions and holes. 
| Use these tools only for post-assembly or similar processes, such 
as drilling a hole through assembled components. Do not confuse 
| these feature tools with those used to create part or subassembly 
| models, even though they function the same. Using feature tools to 
| modify an assembly does not affect component models outside of 
the assembly file. 


Exercise 17-1 Conad 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 17-1. 


Exercise 17-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 17-2. 
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The Place Component too! allows you to insert components using the Place EUM 
Component dialog box, which is similar to opening a file with the Open dialog box. |SS eomp 
The Files of type drop-down list contains part, assembly, and component file options. 
Select Component Files to display part and assembly files. You can also choose to 
display components created using other CADD systems or those saved as STEP or SAT | 
files. Once you locate components to insert, you can select multiple component files 
by pressing [Ctrl] or [Shift], or by using a crossing window. This allows you to insert 


Shortcut 


Piace Component 


Typs 


several components without reusing the Place Component tool. The first component | Pl 
listed in the File name box is inserted first. 


Imported component files such as STEP or SAT files are not para- 
metrically controlled. The buttons in the iMates area control the use 
of iMates, described later in this textbook. 


The first component you insert, which is the first component listed in the browser, 
is typically a major part or subassembly, such as the assembly body or a main support 


base. The first assembly component is automatically grounded to the assembly origin, f i 
or center point, located in the Origin folder of the browser. See Figure 17-2. You can f yi dosari 


+ component fixed 
in position, with 
no freedom of 
movement. 


place additional ungrounded copies of the same component by picking locations, or 
by pressing [Enter]. To place a single component, or after you place multiple copies of a 
component, press [Esc] or right-click and select Done. Components you insert after the 
first are not grounded or constrained unless they include iMates. 


Toggle grounding of any component by right-clicking on the 
component in the graphics window or browser, and selecting or 
deselecting Grounded. 


If the Resolve Link dialog box appears when you try to insert an existing compo- 
nent, the component file probably is not located in the current project, is not available 
because of a network problem (if contained in a local network), or has been changed. 


Figure 17-2. 
An example of an initial, grounded assembly component. 
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dependents: 
Component files 
referenced by an 
assembly. 
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To ensure that you do not receive the Resolve Link dialog box, try to identify and solve 
the problem before opening the assembly. However, you can also pick the Open button 
in the Resolve Link dialog box and attempt to locate the file elsewhere, or skip the 
entire process by picking the Skip button. 


When saving an assembly, Inventor may ask you to save the 
assembly file and its dependents. Save dependents in addition to 
the assembly to ensure parametric relationships. 


Exercise 17-3 


Access the Student Web site (www.g-wlearning. com/CAD) and 
complete Exercise 17-3. 


Alternative Insertion Methods 


Inventor provides other methods of placing components. One option is to open the 
assembly file that will receive components and the component files to insert. Arrange 
all windows so they are visible as shown in Figure 17-3. Next, select a component 
window to activate it, and then drag and drop the component from the browser into the 
assembly window. You can also drag and drop multiple components from an assembly 
file into a different assembly file. 

Another technique is to open the assembly file that will receive components, and 
then access Microsoft Windows Explorer and locate the component files to insert. 
Drag and drop the components from Explorer into the assembly graphics window. 
If the Inventor window is not visible, drag the components to the Inventor button on 
the taskbar and hold them there until the Inventor window appears. Then drop the 
components into the assembly graphics window. 


Figure 17-3. 
Inserting a component (Engine Head. ipt) into an assembly (Engine MKIl.iam) by dragging the 
component from the browser into the — window. 
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Inserting Shared Content 

plemental For information about using i-drop and inserting third-party 
aterial (shared) content, go to the Student Web site (www.g-wlearning.com/ 
CAD), select this chapter, and select Inserting Shared Content. 


Exercise 17-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 17-4. 


Once you insert or create assembly components, the typical next step is to add 
constraints. Constraining an assembly replicates the process of assembling a product. 
Each constraint removes a certain amount of movement freedom. You can drive 
remaining freedom of movement to examine design concepts. Some constraints auto- 
matically occur when you create components in place, which is an advantage to in- 
place development. However, even components built in place may require additional 
constraints or constraint adjustments. 


You can observe assembly degrees of freedom by dragging compo- 
nents or using the Degrees of Freedom tool. 


Component geometry and design requirements determine the required constraints. 
Grounding is a type of assembly constraint. You can ground any component, but 
you typically only ground the base component and components that do not move in 
reference to other components. In addition to grounding, you can apply assembly 
constraints, motion constraints, and transitional constraints as needed, depending 
on the application. 


The Constrain tool allows you to assemble components using the Place Constraint 
dialog box. See Figure 17-4. Select the tab that corresponds to the type of constraint 
to create. Then use the available options and select geometry on each component. 
Depending on the constraint, you may be able to select points, edges, axes, faces, or 
planes. Often it is necessary to select a combination of items, such as a face and edge. 
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| i-drop: The process 


of dragging and 
dropping shared 
content into 


_ component files; 


also the tool used 
for this process. 


third-party 
(shared) content: 
Files available on 


_ the internet, such 


as bolts from a 
bolt manufacturer, 
or components 
accessible on an 
intranet system, 
such as standard 
parts used for 
developing 


' assemblies. 


` drive: Manipulate to 


see the amount of 
movement between 
components, 


' pause movement, 


see adaptivity, 
and detect 
collisions between 
components 


assembly 


- constraints: 


Constraints that 
establish geometric 


_ relationships and 


positions between 
one component 
face, edge, or 
axis and another 
component face, 
edge, or axis. 


motion 
constraints: 
Constraints that 


_ define the desired 


movement between 
one component 
and another using a 
specified ratio and 
direction. 


transitional 


constraints: 
Constraints that 
identify relationships 
between the 
transitioning path of a 
fixed component and 
a component moving 
along the path. 
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mate solution: 
A constraint that 
places two faces 
along the same 
plane facing in 


opposite directions, 


_ two axes collinear 
to each other, two 
edges collinear to 
each other, or two 
points matched 
together. 


| flush solution: 

~ A constraint that 
positions two faces 
along the same 
plane, facing the 
same direction. 


436 


Figure 17-4. 


The Assembly tab of the Place Constraint dialog box with the Mate constraint button selected, and 
a basic example of a mate solution and two flush solution mate constraints between two parts. 


Tangent 


P.lacë Constraint 


Insert 


Mate button 


Assembly Constraints 


Most assemblies include several assembly constraints specified using options in 
the Assembly tab. Typically, you place assembly constraints before you add motion 


corresponding constraint. 


Mate 


Flush constraint 


between two faces 


Flush button 


When applying constraints, always remember that the first compo- 
nent you select moves to constrain to the second component you 
select, which does not move. However, if existing constraints 
prohibit this action, the second selection moves to the first. 


Mate constraint between 
the top of one feature face and 
the bottom of another 


Flush constraint 
between two faces 


| or transitional constraints. Choose an assembly constraint type button to form the 


Select the Mate button to establish a mate or flush constraint between component faces, 
planes, axes, edges, or points. Refer again to Figure 17-4. Select a button in the Solution area 
to begin the process, although you can change the solution at any time before applying 
the constraint. Pick the Mate button to create a mate solution, as shown in Figure 17-5. 
Select the Flush button to form a flush solution as shown in Figure 17-6. 

Next, select component geometry to constrain. When you are working on a 
complex or detailed assembly, it may help to check Pick Part First, which allows you to 
pick a part to isolate it from other assembly components and makes it easier to choose 
geometry on the selected part. Use the First Selection and Second Selection buttons to 
pick geometry on mating components. Figure 17-7 shows examples of common selec- 
tions. Remember, if the Pick Part First check box is active, you must pick components 
before you can make selections. Then specify the offset between components using the 
Offset text box. Use an offset of 0 to form a contacting fit. 

Another initial approach is to select the Predict Offset and Orientation check box. 
This allows Inventor to predict how components should constrain based on the loca- 
tion and selection of components. If the arrows that appear when you select geometry 


point in the same direction, Inventor predicts a flush constraint. If the arrows point 
in opposite directions, Inventor predicts a mate constraint. Inventor assigns an offset 
value based on the current offset of the selected components. 


The Show Preview check box is active by default, allowing you to preview the 


effects of the constraint. If the constraint looks correct, pick the Apply button to form 
the constraint, or pick the OK button to apply the constraint and exit the tool. 
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Figure 17-5. 

A mate constraint 
with a mate solution 
applied to planar 
faces, axes, edges, 
and points. 


Second face 
(not shown) 


or 


First face 


Two faces along the same plane, 
facing in opposite directions 


First axis 


Second axis 


Two axes collinear to each other 


First edge 


Second edge 


Two edges collinear to each other 


eee Ts Second point 


Two points matched together 


Figure 17-6. 


A mate constraint with a flush solution places the selected faces in the same plane and facing 
the same direction. 


First face Second face 


Second face 
First face 
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Figure 17-7, 
Select one of these component elements after selecting the component. 


a, 


Selecting a Selecting a Selecting a Selecting a 
Component Face Component Edge Component Axis Component Point 
Angle 


Select the Angle button to establish an angle constraint between component faces, 
axes, or edges. See Figure 17-8. Use the First Selection and Second Selection buttons 
to pick component geometry. If necessary, use the Pick Part First check box to aid 
selection. Figure 17-9 shows how applying the same 0° angle constrains the assembly 


Figure 17-8. 
The Assembly tab of the Place Constraint dialog box with the Angle constraint button 
selected, and an example of a 45° angle constraint between two selected faces. 
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Figure 17-9. } 
A—A 0° angle constraint between two selected edges. B—A 0° angle constraint between an 
edge and face. C—A 0° angle constraint between an edge and axis. 
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differently depending on selected geometry. Specify the angle between components 
using the Angle text box. 

Another initial approach is to select the Predict Offset and Orientation check box. 
This allows Inventor to predict how components should constrain based on the loca- 
tion and selection of components. For example, if the arrows that appear when you 
select geometry point in opposite directions, Inventor predicts a 180° angle. 

The button that you select in the Solution area mainly affects how components 
interact when they move. The default Directed Angle button is appropriate for basic 
applications, and allows you to enter a positive or negative angle from 0°. When you 
move or drive components, the angle is always measured from the same direction, 
such as clockwise. 

In some cases, when you move or drive angle constraints, components flip unex- 
pectedly into an unacceptable orientation. You may be able to solve this problem by 
picking the Undirected Angle button, which allows the angle to be measured from 
either direction. If components still flip incorrectly, pick the Explicit Reference Vector 
button. The Third Selection button becomes enabled, allowing you to choose a face, 
plane, edge, or axis as a vector direction. See Figure 17-10. The selected vector fixes the 
position to eliminate possible flipping of components during movement. 


i 


The Explicit Reference Vector option is especially useful when 
components are not fully constrained, or when a base component is 
not grounded, as shown in Figure 17-10. 


The Show Preview check box is active by default, allowing you to preview the 
effects of the constraint. If the constraint looks correct, pick the Apply button to form 
the constraint, or pick the OK button to apply the constraint and exit the tool. 


Tangent 


Pick the Tangent button to define a tangent relationship between a planar face, 
curved face, or edge of one component and the curved face or plane of another 
component. See Figure 17-11. Select a button in the Solution area to begin the process, 


Figure 17-10. 

An example of when the Explicit Reference Vector solution may be necessary. The solution 
allows for fluid movement between components when you analyze freedom of movement 
and drive constraints. 


Second selected Enabled when the 
reference plane Explicit Reference Angle 
button is selected: 


First selected 
reference (plane) 
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Figure 17-11. 


The Assembly tab of the Place Constraint dialog box with the Tangent constraint button 
selected, and examples of inside and outside tangent constraints. Notice how one of the two 
selections must be a tangent face. 


Select first 
Select second 


Select second ` Selected tangent faces 


Inside Tangent Outside Tangent Outside Tangent 
Constraint Solution Constraint Solution Constraint Solution 


although you can change the solution at any time before applying the constraint. Pick 
the Inside button to place the component you select first inside the component you 
select second. Pick the Outside button to position the component you select first outside 
of the component you select second. 

Next, use the First Selection and Second Selection buttons to pick component 
geometry. If necessary, use the Pick Part First check box to aid selection. As shown in 
Figure 17-11, one of the two selections must be a tangent face. Then specify the offset 
between components using the Offset text box. Use an offset of 0 to form a contacting 
fit. The Show Preview check box is active by default, allowing you to preview the 
effects of the constraint. If the constraint looks correct, pick the Apply button to form 
the constraint, or pick the OK button to apply the constraint and exit the tool. 


Insert 


Select the Insert button to link two components that require an axis-to-axis and 
edge-to-edge mate constraint, such as the constraints typically found between a hole 
and a screw or shaft, or a tube and a cap. Figure 17-12 shows an insert constraint 
between the axis of a bushing and the axis of a housing hole, and between the inside 
edge of the bushing and the inside edge of the housing hole. Select a button in the Solution 
area to begin the process, although you can change the solution at any time before 
applying the constraint. Pick the Opposed button to assemble components as if using 
a mate constraint, mate solution. Pick the Aligned button to assemble components as 
if using a mate constraint, flush solution. Figure 17-13 shows examples of using the 
Opposed and Aligned solutions. 

Next, use the First Selection and Second Selection buttons to pick component 
edges. If necessary, use the Pick Part First check box to aid selection. Selecting an edge 
picks the edge and an axis. You must select corresponding edges on both components 
to ensure the proper constraints. Specify the offset between components using the 
Offset text box. Use an offset of 0 to form a contacting fit. The Show Preview check 
box is active by default, allowing you to preview the effects of the constraint. If the 
constraint looks correct, pick the Apply button to form the constraint, or pick the OK 
button to apply the constraint and exit the tool. 
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Figure 17-12. 

The Assembly tab of the Place Constraint dialog box with the Insert constraint button 
selected, and an example of using the Insert constraint to center and mate a bushing in a 
housing. Use the Insert constraint for most shaft-in-hole types of assembly applications. 
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Figure 17-13. 
Selecting an Aligned 
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Exercise 17-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 17-5. 


Motion Constraints 


The Motion tab, shown in Figure 17-14, provides options for defining movement 
between components according to ratio and direction. Only components that rotate 
and move together, such as gears, pulleys, racks and pinions, and bearings, require 
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motion constraints. For example, a motion constraint can identify whether two gears 
move in the same direction or opposite directions, and it can specify the ratio of move- 
ment between one component and another. Motion constraints do not locate, position, 
or fix components. 


Typically, you add assembly constraints before motion constraints to 
establish geometric relationships, such as flush gear faces and mates 
between holes and shafts. It is often necessary to suppress and/or 
drive certain constraints in order to observe a motion constraint. 


Rotation 


Select the Rotation button to establish a rotation motion constraint, which controls 
the direction of rotation and the ratio of movement between two revolving compo- 
nents such as gears, pulleys, and wheels. See Figure 17-14. Use the First Selection 
and Second Selection buttons to pick component geometry. If necessary, use the Pick 
Part First check box to aid selection. Figure 17-14 shows examples of selections that 
create the same constraint between two gears. Selecting component elements is not as 
critical when applying motion constraints, because motion constraints do not define 
component position. However, the selection pattern does specify the ratio. Therefore, 
if you define a 3:1 ratio, the first component you select should be the component that 
revolves once for every three times the second component rotates. 

The default Forward solution button creates a forward motion that allows one 
component to rotate in the same direction as the other component. Pick the Reverse 
solution button to reverse the rotation. A reverse motion allows one component to rotate 
in the opposite direction of the other component. The arrows shown in Figure 17-14 
identify the rotation direction. 


Figure 17-14. 
The Motion tab of the Place Constraint dialog box with the Rotation constraint button 
selected, and selection options for establishing a rotational constraint between gears. 
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Specify a rotation ratio using the Ratio text box. For example, if you apply a rota- 
tion constraint between the same size gears, as shown in Figure 17-14, enter 1 in the 
Ratio text box to correspond to a 1:1 ratio. If the first gear, wheel, or pulley you select 
is half the size of the second component and rotates twice for every single rotation of 
the second component, enter .5 in the Ratio text box to correspond to a 1:2 ratio. Pick 
the Apply button to add the constraint, or pick the OK button to add the constraint and 
exit the tool. 


Exercise 17-6 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 17-6. 


Rotation-Translation 


Pick the Rotation-Translation button to establish a direction of rotation and a rota- 
tion distance between a rotating component and a translating component, such as 
a rack and pinion, a wheel and part, or a screw and hole thread. See Figure 17-15. 
Use the First Selection and Second Selection buttons to pick component geometry. If 
necessary, use the Pick Part First check box to aid selection. Selection options include 
edges, axes, planar faces, and tangent faces. Figure 17-15B shows appropriate selec- 
tions for a rack and pinion. 

The default Forward solution button creates a forward motion that allows the 
rotating component to rotate in the same direction as the sliding component. Pick the 
Reverse solution button to change the motion to a reverse rotation. A reverse motion 
allows the rotating component to rotate in the opposite direction of the sliding compo- 
nent. The arrows shown in Figure 17-15 identify the rotation direction. 

Specify a rotation-translation distance between the selected components using the 
Distance text box. The distance controls how far the sliding component (second selec- 
tion) moves in reference to the rotating component (first selection). For example, if you 
use a distance of 3”, for every 360° the first component rotates, the second component 
moves 3”. A distance of 0 does not allow the second component to move in reference 
to the revolution of the first component. Pick the Apply button to add the constraint, or 
pick the OK button to add the constraint and exit the tool. 


Figure 17-15. 

A—tThe Motion tab of the Place Constraint dialog box with the Rotation-Translation constraint 
button selected. B—An example of selecting a planar face and an edge to add rotation- 
translation constraint. 
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Exercise 17-7 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 17-7. 


Transitional Constraints 


The Transitional tab, shown in Figure 17-16, provides options for defining move- 
ment between a component and a path, such as a roller and a cam. A transitional 
constraint links faces along a path, applying constant contact between two planar 
or tangent components. You must use assembly constraints to establish all other 
constraints, such as a flush relationship between the planar roller face and the cam 
face shown in Figure 17-16. 


Typically, you add assembly constraints before transitional 
constraints. It is often necessary to suppress and/or drive certain 
constraints in order to observe a transitional constraint. 


Use the First Selection and Second Selection buttons to pick planar or tangent 
faces. If necessary, use the Pick Part First check box to aid selection. The Show Preview 
check box is active by default, allowing you to preview the effects of the constraint. If 
the constraint looks correct, pick the Apply button to form the constraint, or pick the 
OK button to apply the constraint and exit the tool. 


Daa sb. Bes 


Help locate geometry to constrain using the Select Other tool and 
wheel mouse selection techniques. You can cycle through possible 
edges, axes, planes, and other elements for constraint purposes. 


Exercise 17-8 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 17-8. 


Figure 17-16. i 
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Constraint Sets 


Pick the Constraint Sets tab to mate components according to UCSs. Use the First 
Selection and Second Selection buttons to pick an appropriate UCS on each compo- 
nent. If necessary, use the Pick Part First check box to aid selection. The Show Preview 
check box is active by default, allowing you to preview the effects of the constraint. If 
the constraint looks correct, pick the Apply button to form the constraint, or pick the 
OK button to apply the constraint and exit the tool. 


Alt-drag is an alternative assembly constraint function that does not require 
using the Constrain tool. Alt-drag is similar to moving an unconstrained component 
to a new location by dragging, but before picking the component to move, hold down 
[Alt]. Then hold down the left mouse button on a component point, edge, axis, face, 
or plane to constrain, and drag the component to the corresponding location on the 
other component. As you drag the component over other components, a preview of 
constraint options appears. See Figure 17-17. 

If the incorrect constraint appears, you may be able to establish the correct 
constraint by moving the component slightly, or you can toggle between different 
constraints using hot keys. To use hot keys, while holding down the left mouse button, 
release [Alt] and press one of the keys shown in Figure 17-18 to activate the specified 
constraint and solution. If the constraint type is correct, but the solution is incorrect, 
press the space bar to toggle solutions. You may still have to drag the component to 
preview the constraint. When you are satisfied with the intended constraint, release 
the left mouse button to apply the constraint. View the browser to confirm the correct 
constraint. 


Use the Select Other tool and wheel mouse selection techniques 
during the drag-mate process.to cycle through possible edges, axes, 
planes, and other elements for constraint purposes. 


Figure 17-17. 
Hold down [Alt] and drag the face, edge, or point of the moving component to the 
corresponding location on the stationary component. 
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Figure 17-18. 
Options for changing drag-mate constraints. Press the space bar to pick an alternative 
solution. | 


Angle constraint. | 
Insert constraint, opposed direction. 
Mate constraint, flush solution. 2 j 


Rotation motion constraint. Press the space bar to change the rotation 
direction, if needed. ý Pe oo 


Translation motion constraint. Press the space bar to change the slide 
direction, if needed. : 


Tangent constraint. Press the space bar to change to an inside or 
outside tangent constraint. 


Transitional constraint. 


iMates 

For information about constraining using iMates, go to the 
Student Web site (www.g-wlearning.com/CAD), select this chapter, 
and select iMates. 


added to individual A 
_ components for later S ne 
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Expand a component in the browser to view constraints. To temporarily disable the 
effects of a constraint without deleting the constraint, right-click on the constraint and 
select Suppress. Suppressing a constraint is often required to explore design options 
or drive constraints. Right-click on a constraint and select Edit to make changes to the 
constraint using the Edit Constraint dialog box. The Edit Constraint dialog box offers 
the same options as the Place Constraint dialog box. 

The Value text box provides an easier way to edit a constraint value, such as offset, 
angle, ratio, or distance, than using the Edit Constraint dialog box. Pick a constraint in 
the browser to access the Value text box. See Figure 17-19A. Then specify a new value 
and press [Enter]. A second option is to double-click on a constraint in the browser, or right- 
click on a constraint in the browser and select Modify, to access the Edit Dimension dialog 
box. See Figure 17-19B. Enter a new value in the text box and pick the OK button. A 

Ribbon third option is to use the Parameters dialog box shown in Figure 17-19C. 


A constraint is divided between two components. Asa result, the same 
constraint appears with two components in the browser. To locate 
and highlight the corresponding half of a constraint, right-click on a 
constraint in the browser and select Other Half. When you move the 
cursor over a constraint in the browser, an extensive tooltip appears. 
Use these tooltips to help locate and clarify constraint relationships. 
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Figure 17-19. 

A—Adjusting a constraint value using the Value text box. B—Adjusting a constraint value 
using the Edit Dimension dialog box. C—Access the Parameters dialog box in the assembly 
environment to view and control assembly constraints and assembly model parameters. 
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Exercise 17-9 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 17-9. 


Dragging components is an effective way to analyze design progress and view 
the effects of constraints. Hold down the left mouse button on a component and rotate, 
slide, or offset the component, depending on the design and existing constraints. 
Driving constraints is another valuable function, especially for analyzing components 
that are difficult to drag and to view specific movement characteristics. 

Assuming an acceptable driving constraint is available, typically an angle or mate, 
drive the constraint by right-clicking on the constraint in the browser and selecting 
Drive Constraint. The Drive Constraint dialog box appears with the appropriate angular 
or linear units for the selected constraint. Figure 17-20 shows an example of driving 
a mate-angle constraint. In this example, -112° is the drive start angle specified in the 
Start text box, and 112° is the drive end angle specified in the End text box. The start 
and end values indicate the total acceptable component movement. In this example, 
the values specify the angles from 0° in one direction (—112°) and the other (112°) that 
the movable component can rotate before colliding with the grounded component. 


Specify start and end offset values when driving a mate constraint. 
Adjust the start and end values as needed. 
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Figure 17-20. 


An example of using the Drive Constraint dialog box to drive a mate-angle constraint. 
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Driven constraints move a certain number of steps. For example, you can set an 
angle constraint to move 5° per step or a mate constraint to move .25” per step. Use 
the Pause Delay text box to specify the number of seconds between steps. The default 
value is 0, which results in no pause between steps. 

The Forward and Reverse buttons are available only when the Start and End text 
boxes have values and the constraint is driven to an appropriate location. Pick the 
Forward button to drive the constraint forward and the Reverse button to drive the 
constraint in reverse. If necessary, pick the Pause button while driving a constraint to 
stop the component movement. Use the Minimum button to return to the start position. 
Pick the Reverse Step button to drive the constraint a single step in the reverse direc- 
tion, and the Forward Step button to drive the constraint a single step in the forward 
direction. Use the Maximum button to return to the end position. 

Pick the Drive Adaptivity check box, with the Collision Detection check box dese- 
lected, to drive the adaptive properties of components in relation to the constraint. 
Select the Collision Detection check box, with the Drive Adaptively check box dese- 
lected, to receive an alert if collision occurs while driving. As shown in Figure 17-21, 
the components involved in the collision highlight, and the collision detection message 
appears. Pick the OK button to accept the collision and modify the drive, constraints, 
or component geometry. 


Figure 17-21. 
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Pick the Amount of value radio button to define a certain increment value, such 
as 10° for a driven angle constraint, or 5” for a driven mate constraint. Then specify 
the value using the Increment text box. A high increment value results in fewer incre- 
ments and quicker movement. Pick the Total # of steps radio button to define a certain 
number of steps, such as 5 or 10. Using these examples, the total drive movement is 
divided into 5 or 10 steps. Use the Increment text box to specify the number of steps. A 
higher number of steps results in more increments and slower movement. 

Pick the Start/End radio button to drive the constraint from the start position to 
the end position. Pick the Start/End/Start radio button to cause the drive to return to the 
start after it meets the end position. Then identify the number of times you want the 
drive to move from start to end, or from start to end to start, by specifying a value in 
the Repetitions text box. 


Recording and Finalizing 


Pick the Record button to record the drive as an animation file. The Save As dialog 
box appears, allowing you to specify a location for the animation file. You can also 
choose the file format by selecting AVI or WMV from the Save as type: drop-down list. 
An additional dialog box appears, allowing you to specify animation file parameters. 

When you return to the Drive Constraint dialog box, pick the Minimize dialog during 
recording check box to minimize the Drive Constraint dialog box while recording the 
drive so that it does not appear in the animation. The Avi rate drop-down list is avail- 
able when you save the animation file in an AVI format. The AVI rate defines the 
number of increments copied during the animation recording. 

You can apply changes made to the constraint value while driving by picking the 
OK button. This also closes the Drive Constraint dialog box. To exit the tool without 
saving the modified value, press [Esc] or pick the Cancel button. A recorded animation 
is viable once you exit. 


While driving a constraint, use tools such as Rotate, Pan, Zoom, and 
Look At to analyze design movement. 


Exercise 17-10 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 17-10. 
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è Chapter Test 


ee 
a Answer the following questions. Write your answers on a separate sheet of paper 

& or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


What is an assembly? 
What is a subassembly? 
What are components? 


. Briefly describe bottom-up design. 


How does top-down design work? 


. Describe a grounded component. 
. Define dependents. 


What are assembly constraints? 
What are motion constraints? 
Describe transitional constraints. 
What is a mate solution? 

What is a flush solution? 


- What does alt-drag mean? 
- How do you temporarily disable the effects of a constraint without deleting the 


constraint, and why would you want to do this? 


. Briefly describe two basic ways to view the effects of constraints on an assembly. 
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Problems 


1-2 Instructions: Follow the specific instructions for the following problems. 


1. Ensure that the Exercises and Problems project is active. Access the Open dialog 
box and pick the Samples library to navigate to the Samples folder. Open the 
scissors.iam file from the following folder: Samples/Models/Assemblies/Scissors. 
Explore the constraints applied to each component, but do not attempt to make 
changes. Drive the Angle:1 constraint. Make an AVI recording named P17-1.avi of 
the default drive parameters using the Forward button. Close the assembly file 
without saving. 


2. Ensure that the Exercises and Problems project is active. Access the Open dialog 
box and pick the Samples library to navigate to the Samples folder. Open the 
Tuner.iam file from the following folder: Samples/Models/Assemblies/Tuner. Explore 
the constraints applied to each component, but do not attempt to make changes. 
Drive the Angle:1 constraint. Make an AVI recording named P17-2.avi of the default 
drive parameters using the Forward button. Close the assembly file without 
saving. 


3-6 Instructions: 


e Insert existing components or prepare new components for insertion to create the 
following assemblies. 
Use appropriate sketching techniques and fully constrain sketch geometry. 
Add all necessary assembly constraints. 
Use your own judgment and approximate dimensions when necessary. 
Add as much information as possible to the iProperties dialog box for component and 
assembly files. Assign the specified material and color to parts. 
e Follow the specific instructions for each problem to create the assemblies. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


3. Title: PUSH PIN 

Units: Inch 

Template: Assembly-IN.iam 

Part Number: IAA-004 

Project: PUSH PIN 

Save as: P17-3.iam 

Specific Instructions: Insert the push pin head, P6-7.ipt. Create a pin as a separate 

part file using the Part-IN.ipt template and the instructions below. Insert the pin, 

P17-3.ipt, and use an assembly-insert constraint to insert the pin into the head. Use 

an assembly-mate constraint with a mate solution to mate the XY planes of the pin 

and head to create the final assembly shown. To build the pin: 

A. Sketch a circle with a center coincident to the projected center point on the XZ 
plane. 

B. Extrude the sketch .75” in the positive direction and then chamfer the lower 
extrusion edge to create a point using a .15” x .02” chamfer. 

C. In the iProperties dialog box, specify a title of PIN and a part number of 
IAA-004-02, name the project PUSH PIN, and specify the Steel, High Strength Low 
Alloy material. 

D. Change the color to Chrome and save the part as P17-3.ipt. 


(continued) 


Pa 
Œ 
is 
Q 
Ea 
Oo 
A] 
ae 
ww 
ww 
= 
K 
B 
© 
a 


Chapter 17 Introduction to Assemblies = 0 AT 


intermediate] | 4. Title: BOTTLE ASSEMBLY 

4 Units: Inch or Metric 

Template: Assembly-IN.iam or Assembly-mm.iam 

Part Number: IAA-014 

Project: BOTTLE 

Save as: P17-4.iam 

Specific Instructions: Insert the bottle part P9-5.ipt and the bottle cap P10-8.ipt. 
Insert the bottle first to ground it. Constrain the assembly using an assembly- 
insert constraint as shown. Add a rotation-translation constraint appropriate for 
the thread pitch. Drive the insert constraint. 
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5. Title: PIPING 

Units: Metric 

Template: Assembly-mm.iam 

Part Number: IAA-020 

Project: PIPING 

Save as: P17-5.iam 

Specific Instructions: 

A. Insert one copy of P11-3.ipt (45° split elbow part) and two copies of P10-9 

(45° elbow part) into the assembly file. 

B. Create a pipe with total length of 300 mm, as shown, in a separate part file. 
Give the pipe an inner diameter of 50 mm and an outer diameter of 56.8 mm. 
Use the dimensions of the elbow to size and locate the pipe flanges and holes. 
Name the file P17-5.ipt. In the iProperties dialog box, specify a title of PIPE and 
a part number of IAA-020-03, name the project PIPING, and specify the Steel, 
Mild material. Leave the color set to As Material. 

Add two copies of the pipe to the assembly. 
Constrain the assembly using appropriate assembly constraints as shown. 
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. Title: WATCH BAND CLASP 


Units: Inch or Metric 

Template: Assembly-IN.iam or Assembly-mm.iam 
Part Number: IAA-103 

Project: WRIST WATCH 

Save as: P17-6.iam 


Specific Instructions: Design a watch band clasp similar to the example shown. 
Create five separate part files of the individual parts. Assign appropriate materials, 
colors, and properties to each component and save the parts using the file names 
P17-6a.ipt, P17-6b.ipt, P17-6c.ipt, P17-6d.ipt, and P17-6e.ipt. Insert the four pin parts into 
an assembly to create a subassembly (assembly file) named P17-6sub.iam. Assemble 
the remaining parts and the subassembly in the P17-6.iam file. The final assembly 
should look similar to the assembly shown. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
V Create components within an assembly file. 
Y Adapt components to design changes. 


This chapter explains how to create components “in place” within an assembly 
file. Remember that when you create a component in place, the component forms in 
the assembly and is also saved as a separate component file. You will also learn to 
make models adaptive. Adaptive modeling is common when building components in 
place. It allows you to develop an assembly and analyze and preserve design intent as 
you model a product. 


Access the Create Component tool to build components in-place beginning with 
Create In-Place Component dialog box. See Figure 18-1. Enter the name of the new 
component using the New File Name text box. Use the Template drop-down list or pick 


the Browse Templates button to select a template file to use for creating the component | 


file. Use the New File Location text box or pick the Browse button to specify the loca- 
tion of the new, separate component file. 


The Default BOM Structure drop-down list allows you to adjust the status of the ar 


component in the assembly bill of materials. Figure 18-2 explains each option. Choose 


the appropriate option depending on how you want the bill of materials to recognize — e 


the component. Select the Virtual Component check box to create a virtual component. 
Virtual components are not models and do not generate separate component files. 

The Constrain sketch plane to selected face or plane check box is available for 
creating a new component in an assembly file that already contains features. When it 
is selected, you have the option of establishing a constraint between the sketch plane 
and a selected feature face or plane. Clear the check box if you do not want to specify 
a constraint between an existing feature plane and the new component. Pick the OK 
button to save the component file and begin component development. 


aa FS 


adaptive model: 

A component 

that changes, or 
adapts, according to 
modifications made 
to an associated 
component. 


Ribbon 


virtual component: 
An assembly 
component used 
primarily to define 
a separate bill of 
materials item 
without creating a 

» model. 
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ee a a ~ 
Figure 18-1. 


Using the Create In-Place Component dialog box to specify the characteristics of a new part 
model built in place. This figure also shows the completed part built in place. Notice the 
characteristics of the assembly file browser and other components when a part is active. 
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Figure 18-2. 
Pick the appropriate bill of materials structure option based on how you want the bill of 
materials to treat the component. 


Inseparable 


Purchased 


Reference 


Identifies and displays components as assembly components, listed in 
the order specified in the assembly browser and calculated according — 
to the specified quantity; appropriate for most standard components. 


Differentiates welded or otherwise permanently fastened subassem- 
blies from other components. Subassemblies are grouped as parts. — 


Identifies the component as purchased from a vendor; common for 
standard parts and subassemblies such as switches, fasteners, and 
springs. Subassemblies group as parts. 


Component is not displayed in the bill of materials, but exists in the 
model. Child components do appear in the bill of materials. Phantom 
components reduce the number of components in the bill of materials 
or eliminate certain components from the bill of materials. 


Component and child components do not appear in the bill of - E 
materials. Assign this option to components that are used for reference 
purposes and have no other design or bill of materials value. 


You can also adjust the bill of materials structure status while 
working with individual component files using the Default BOM 
Structure drop-down list in the Bill of Materials tab of the Document 
Settings dialog box. Bill of materials settings that are applied to an 
individual component file automatically update in the assembly bill 
of materials. 
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Creating Parts in Place 


Figure 18-1 shows the process of creating a part in place by specifying a part file 
template in the Create In-Place Component dialog box. To position the first, or base, 
part, pick a location in space, or select a plane or the default center point from the 
assembly Origin folder. If you specify a Sketch on new part creation plane in the Part 
tab of the Application Options dialog box, a sketch opens on the origin plane associ- 
ated with the part. However, be aware that if you selected an assembly plane to posi- 
tion the part, the assembly and part planes may not correspond. For example, if the 
Sketch on new part creation plane is set to open a sketch on the XZ plane, and you pick 
the assembly XY plane, the part XZ plane becomes coplanar to the assembly XY plane. 
This is a common situation. Rarely do assembly and component planes correspond. 

If you are using the No New Sketch option for new part creation, you can open a 
sketch on a plane in the part or assembly Origin folder. Pick a part plane to associate 
_ the sketch with the part. This situation also occurs when you insert an existing part 
into an assembly. In this case, none of the part sketches link to the assembly or share 
planes. If you pick an assembly plane to place a sketch, the sketch plane links to the 
assembly. An adaptive work plane appears at the sketch plane. 


A base component created in place is grounded just like an inserted 
base component. Refer again to Figure 18-1. 


The process of creating additional parts in place is the same as building a base part. 
However, when existing components are available, you have the option of positioning new 
parts and opening sketches on a component face or plane. If you open a sketch on a compo- 
nent face or plane, the sketch plane is positioned on an adaptive work plane linked to the 
selected component face or plane using a flush solution, assembly-mate constraint. 


If you open a sketch plane on a component plane or an assembly | 
origin plane, a flush constraint automatically occurs between the 
items. If you do not want to establish a constraint, deselect the | 
Constrain sketch plane to selected face or plane check box, or pick | 
a location in the graphics window unrelated to features. 


From this point on, creating a part in an assembly file is almost identical to 
building a part in a part file. However, you can use geometry on other components to 
help develop new components. For example, use the Project Geometry sketch tool to 
project other component geometry onto a different component sketch plane. You can 
also end features at other components using To and To Next extents options. In some 
ways, it may help to think of other components as other features when modeling in 
place, but be careful to establish appropriate links between features and components. 
You will explore other techniques for creating components in place as you learn adap- 
tive modeling later in this chapter. 


Select the Mate Plane check box from the In-Place Features area in 
Assembly tab of the Options dialog box to form a flush solution, 
assembly-mate constraint between the component face or plane you 
select when ending a new feature using the To or From To extents 
option. 
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The assembly into 
which you add parts 
and subassemblies. 
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When you create or edit a component in place, you adjust the assembly file by 
adding or editing references to component files. For example, once you create the part, 
you must finish the assembly edit and re-enter the assembly work environment using 
the Return tool. If you are working on a component in a subassembly, use the Return 
to Parent tool to return to editing the subassembly, or pick the Return to Top tool to re- 
enter the parent assembly work environment. You can also finish editing components 
by double-clicking the parent assembly or a subassembly in the browser. 


Exercise 18-1 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 18-1. 


( Da m/CAI 
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Creating Subassemblies in Place 


Figure 18-3 shows the process of creating a subassembly in place by specifying an 
assembly file template in the Create In-Place Component dialog box. A subassembly 
is an assembly file embedded in the parent assembly file. The process for creating a 
subassembly is the same as for creating an assembly. Insert parts or subassemblies 
using the Place Component tool, and develop parts and subassemblies in place using 
the Create Component tool. Finish the subassembly edit using the Return, Return to 
Parent, or Return to Top tool, depending on the current edit level. 


Figure 18-3. 

Using the Create In-Place Component dialog box to specify the characteristics of a new 
subassembly model built in place. This figure also shows the completed part subassembly in 
place. Notice the characteristics of the assembly file browser and other components when a 
subassembly is active. 
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When building a subassembly in place, you must be constantly 
aware that you are creating parts and assemblies or subassem- 
blies in an assembly or subassembly that is in the parent assembly. 
Ensure that the subassembly remains active while you are inserting 
and creating subassembly components. 


Exercise 18-2 


Access the Student Web site (www.g-wlearning.com/CAD) and : 
complete Exercise 18-2. 


Demoting and Promoting Components 


An alternative for creating subassemblies is to insert or create separate compo- 
nents inside the parent assembly file without creating a subassembly, and then demote 
the components. Select the components to group from the browser or the graphics 
window, right-click, and select Demote, or select the components and press [Tab]. The 
Create In-Place Component dialog box opens, allowing you to specify the subassembly omna 
file name and location. For the opposite application, you can promote components. f parts froma 
Right-click on the subassembly in the browser or in the graphics window and select ff Subassembly and 
Promote from the Component cascading submenu. Another option is to select the f parts in the parent 
subassembly and press [Shift] and [Tab]. The subassembly components become indi- — oe 
vidual components in the main assembly. 

You can also place components from the parent assembly file into a subassembly 
by dragging the component from its current location in the browser to a location under 
the Origin folder of the subassembly. To place a subassembly component into the parent 
assembly file, drag the component from the subassembly and insert it under the Origin 
folder of the parent assembly. If you place a component under the Origin folder of a 
subassembly, it is inserted in the subassembly. 


_ demote: Group 
more than one part 
in an assembly 

to create a 

- subassembly. 


Dragging and dropping components into and out of assemblies 
and subassemblies can become confusing. To confirm component 
locations, collapse all child nodes, then open and close individual 
subassemblies as needed. Use the Find Component tool to locate 
components in the browser and in the graphics window. 


Ribbon 


Inventor includes adaptive capabilities that help automate revisions and preserve 
design intent. In order to change the shape of a rigid body, you must manually edit | A aa A 


- feature that is not 
- adaptive. 


feature parameters, which does not ensure parametric relationships between assembly 
components. In order for a component to adapt to design changes, you must specify 
the component and the actual items that adapt, such as sketch geometry and feature 
parameters, as adaptive. Figure 18-4 shows an example of how adaptive assembly 


components adapt to design revisions. 
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—— l 
Figure 18-4. 


A hinge assembly with adaptive components. This example shows how adaptive components 
adjust automatically to significant changes made to material and size parameters. 


we 


Original Design Design Revision 


In-Place Adaptivity 


By default, some adaptivity occurs while you are building components in place, as 
you reference other components or the items associated with the parent assembly. For 
example, when you open a sketch on the face of a different component, an adaptive work 
plane automatically forms linking the sketch plane with the component face. The loca- 
tion of the sketch plane adapts with changes to the component face. See Figure 18-5. 

The In-Place Features area in Assembly tab of the Options dialog box includes 
settings that allow you to build adaptive components in place, if appropriate. Select 
the Mate Plane check box to form an assembly-mate constraint between the component 
face or plane you select when you end a new feature using the To or From To extents 
option. Pick the Adapt Feature check box to adapt features created using the To or 
From To extents option when changes occur to the selected component face or plane. 
See Figure 18-6. If you do not select the Adapt Feature check box, a work plane forms 
at the original extents of the feature. 

Choose the Enable Associative Edge/Loop Geometry Projection During In-Place 
Modeling check box to project and link geometry from a component onto the new 
component sketch plane when using tools such as Project Geometry. When you create 
associated sketch geometry, the new component, sketch, and feature automatically 


Figure 18-5. 

An adaptive work plane locates a new feature sketch plane on another component face. The 
adaptive work plane, sketch, and feature adjust to changes made to the component face. 
Notice the icons indicating the adaptive items. 
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Figure 18-6. 


Select the Adapt Features check box to adapt features that extend to or from and to other 
component faces or planes. 


Feature does not adapts 


Adaptive Face selected to to design changes 
feature end extrusion 


Feature 
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to design 
changes 
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become adaptive, and reference geometry appears in the browser. If you deselect the 
check box, you can still project component geometry onto the sketch plane, but the 
projection does not adapt to design changes. See Figure 18-7. 


Right-click on a reference in the browser and select Break Link to 
remove the relationship. Sketch geometry remains, but the sketch 
no longer looks to the reference component or feature to acquire 
data, allowing you to add constraints if necessary. 


Figure 18-7. 

The Enable Associative Edge/Loop Geometry Projection During In-Place Modeling check box 
is active by default and allows you to project and link geometry from a component onto the 
new component sketch plane when using tools such as Project Geometry. 
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to components 
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Exercise 18-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 18-3. 


Adaptive Sketches 


Use an adaptive sketch to adjust sketch parameters according to other compo- 
nents. You typically fully constrain a sketch to ensure correct dimensions and geometry. 
However, the key to developing a feature with an adaptive sketch is to under-constrain 
the sketch. Figure 18-8 shows a sketch created without any dimensional constraints, 
made adaptive, and then extruded. When added to an assembly, the sketch is free to 
constrain to other component geometry using assembly constraints, in this example 
mate solution, mate constraints. You can also omit geometric constraints as needed to 
provide adaptability. 

Most adaptive sketches still include some or most constraints. You must determine 
which sketch items to define and which to adapt, depending on the design. To make 
a non-adaptive sketch adaptive, right-click on the sketch in the browser or graphics 
window and select Adaptive. Any features consuming the sketch automatically become 
adaptive. A sketch also becomes adaptive if you make a sketched feature adaptive. 


Adaptive Features 


You can adapt features using adaptive sketch geometry and/or by adapting non- 
sketch parameters, such as an extrusion distance or revolution angle, using assembly 
constraints. In order for a feature to adapt, you must specify the feature as adaptive. 
Figure 18-9 shows an assembly that requires a Ø.5” rod of an unknown length that 
may change during the design. By specifying the extrusion in the rod part as adaptive, 
you can constrain one end of the rod to the other component, and then use an appro- 
priate constraint, in this example an assembly-insert or flush solution assembly-mate 
constraint, to develop the correct rod. 


Figure 18-8. 
An example of using an under-constrained, adaptive sketch to create a part that adapts to 
another component using assembly-mate constraints. 
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Figure 18-9. 

An example of 

using an adaptive 

extrusion to create 

a part that adapts to 

another component 500 
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Adapted extrusion 


Sketch Original Insert 
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Features that you can set as adaptive include extrusions, revolutions, holes, and 
work features. To make a feature adaptive, if it does not happen automatically, right- 
click on the feature in the browser or graphics window and select Adaptive. This 
method makes all elements of the feature adaptive. The part consuming the feature 
and any sketches consumed by the feature become adaptive. To make certain extru- 
sion, revolution, or hole elements adaptive, right-click on the feature in the browser 
or graphics window and select Properties to access the Feature Properties dialog box. 
See Figure 18-10. Select the check boxes corresponding to only those items you want 
to make adaptive. 


If you check Features are initially adaptive in the Assembly tab of | 
the Options dialog box, all features that can be adaptive become 
adaptive when they are created. 


Figure 18-10. 
A—tThe Feature Properties dialog box for an extrusion. B—The Feature Properties dialog box 
for a revolution. C—The Feature Properties dialog box for a hole. 
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Adaptive Parts 


In order for a part to adapt, you must specify the part as adaptive, and it must 
include adaptive features. In addition, unless you pick the Adaptively Used in Assembly 
check box in the Modeling tab of the part’s Document Settings dialog box, even if you 
identify a part as adaptive in the part environment, you must specify the part as adap- 
tive after you insert the part into an assembly. To make a non-adaptive part adaptive, 
right-click on the part in the browser or graphics window and select Adaptive. 

You can also right-click on the part in an assembly and select the iProperties 
shortcut menu option to access the part iProperties dialog box. See Figure 18-11. Pick 
the Occurrence tab, and then select the Adaptive check box to make the part adaptive. 
Figure 14-12 shows an example of using an adaptive part. 


mee 


Exercise 18-4 ee 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 18-4. 


Adaptive Subassemblies 


In order for a subassembly to adapt, you must specify the subassembly as adap- 
tive, and it must include adaptive components that include adaptive features. Adapt 
a subassembly using techniques similar to those for adapting parts, such as editing 
associated component geometry or using assembly constraints. To make a non-adap- 
tive subassembly adaptive, right-click on the subassembly in the browser or graphics 
window and select Adaptive. 

You can also right-click on the subassembly in the assembly and select the iProperties 
shortcut menu option to access the part iProperties dialog box. Pick the Occurrence tab, and 
then select the Adaptive check box to make the subassembly adaptive. Figure 14-13 
shows an example of using an adaptive subassembly. 


Figure 18-11. 
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Figure 18-12. 
An example of creating and using an adaptive part. 
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Figure 18-13. 
An example of creating and using an adaptive subassembly. 
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Subassembly Assembly 


If an assembly contains several of the same adaptive components, 
only one of the occurrences adapts to other component geometry. 
As a result, the original components change to reflect the adapted 
design. To overcome this problem, save a copy of the parent and 
child components, using different names. You may also want to 
save separate unadaptive copies. 
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Quick Access 


If you have difficulty constraining adaptive components and receive 
the “constraint is inconsistent with another” error message, consider 
the following actions: 
e Remove conflicting sketch constraints. 
rt | e Ensure that the appropriate sketches, features, parts, and 
Pal ! subassemblies are adaptive. 

EE | : e Try using an alternative constraint. 

l l Try using the Local Update and Global Update tools, repeat- 
edly if necessary. 


Exercise 18-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 18-5. 


-Global Update 


, Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
& or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


. What is an adaptive component? 

Name the tool used to build components in place. 

What is a virtual component? 

Describe a parent assembly. 

Define demote. 

Define promote. 

Briefly describe a rigid body. 

Describe what you must do in order for a component to adapt to design changes. 
Explain the function of an adaptive sketch. 

How do you make a non-adaptive sketch adaptive? 
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Problems 


Instructions: 


e Insert existing components, prepare new components for insert, or build components 
in place as instructed to create the following assemblies. 
Use appropriate sketching techniques and fully constrain sketch geometry. 
Add all necessary assembly constraints. 
Use your own judgment and approximate dimensions when necessary. 
Add as much information as possible to the iProperties dialog box for component and 
assembly files. Assign the specified material and color to parts. 
e Follow the specific instructions for each problem to create the assemblies. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


1. Title: PUSH PIN (IN-PLACE) 

Units: Inch 

Template: Assembly-IN.iam 

Part Number: |AA-104 

Project: PUSH PIN (IN-PLACE) 

Save as: P18-1.iam 

Specific Instructions: Insert the push pin head, P6-7.ipt. Create a pin in place using 

the Part-IN.ipt template and a file name P18-1.ipt. To build the pin: 

A. Locate the part on the face shown, and then open a sketch on the same face. 
Project the edge of the hole in the head onto the sketch plane. Extrude the 
sketch to the depth of the hole in the head using the To extents option. 

B. Opena sketch on the face of the extrusion exposed at the head, and project the 
extrusion edge. Do not project the edge of the hole in the head. Extrude the 
sketch .375” in the positive direction and then chamfer the extrusion edge to 
create a point using a .15” x .02” chamfer. 

C. In the iProperties dialog box, specify a title of PIN (IN-PLACE) and a part 
number of |AA-104-02, name the project PUSH PIN (IN-PLACE), and specify the 
Steel, High Strength Low Alloy material. 

D. Change the color to Chrome and finish the part edit. 

Resave the assembly and all dependents. The final assembly should look like the 

assembly shown. 
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2. Title: FORK 

Units: Metric 

Template: Assembly-mm.iam 

Part Number: |AA-025 

Project: FORK 

Save as: P18-2.iam 

Specific Instructions: Insert the fork body, P12-5.ipt. Create a fork handle in-place 

using the Part-mm.ipt template and a file name P18-2.ipt. To build the handle: 

A. Locate the part on the face of the fork body shown, and then open a sketch 
on the same face. Project the furthest edges of the fork body onto the sketch 
plane. Offset the projected fork loop 3 mm away from the fork, and extrude the 
handle profile 90 mm along the fork. 

B. Inthe Properties dialog box, specify a title of FORK HANDLE and a part number 
of IAA-0025-02, name the project FORK, and specify the default material. 

C. Change the color to Wood (Ash) and finish the part edit. 

Resave the assembly and all dependents. The final assembly should look like the 

assembly shown. 
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3. Title: HOUSING ASSEMBLY Rd Advanced | 
Units: Inch E 
Template: Assembly-IN.iam 
Part Number: |AA-039 
Project: HOUSING 
Save as: P18-3.iam 
Specific Instructions: Insert the housing, P16-2.ipt. Create a housing cover in place 
using the Part-IN.ipt template and the file name P18-3.ipt. Use the 11 GAGE STEEL 
sheet metal rule, a material set according to the sheet metal rule, and the Galvanized 
(texture) color. Use correct projection and adaptivity techniques to ensure that as 
changes occur to the housing part, the cover will adapt without errors. Resave the 
assembly and all dependents. The final assembly should look like the assembly 
shown. 
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. Title: ROTATING HINGE ASSEMBLY 


Units: Inch or Metric 

Template: Assembly-IN.iam or Assembly-mm.iam 

Part Number: IAA-042 

Project: ROTATING HINGE ASSEMBLY 

Save as: P18-4.iam 

Specific Instructions: Design a rotating hinge assembly similar to the example 
shown. Assign iMates to each component and then use the iMates for assembly. 
To build each component: 


A. 


on 


Create the housing shown in place using dimensions of your choice. Save the 
part as P18-4a.ipt. In the iProperties dialog box, specify a title of HOUSING and 
a part number of IAA-042-01, name the project ROTATING HINGE ASSEMBLY, 
and specify the Stainless Steel material. 

Create the bushing shown in-place. Design the bushing to fit inside the housing 
as shown. Save the part as P18-4b.ipt. In the iProperties dialog box, specify a 
title of BUSHING and a part number of IAA-042-02, name the project ROTATING 
HINGE ASSEMBLY, and specify the Rubber material. 

Insert another instance of P18-4b.ipt. 

Create the pin shown in place. Design the bushing to fit inside the housing as 
shown. Save the part as P18-4c.ipt. In the Properties dialog box, specify a title 
of PIN and a part number of IAA-042-03, name the project ROTATING HINGE 
ASSEMBLY, and specify a Stainless Stee! material. Change the color to Chrome. 


Resave the assembly and all dependents. The final assembly should look similar 
to the assembly shown. 


P12-3B.ipt 


P12-3C. ipt 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 

v» Pattern, mirror, and copy components. 

Y Edit assemblies and adjust component colors. 

Y Replace, move, and rotate components. 

¥ Apply assembly section views. 

Y Create flexible subassemblies and assembly representations. 


Inventor includes many assembly tools and options in addition to those described 
in Chapters 17 and 18. This chapter describes assembly tools that allow you to pattern, 
mirror, and copy components. You will also learn about options for adjusting and 
managing assemblies. 


Figure 19-1 shows an example of using a component pattern to arrange multiple 
copies of the same components, in this case fasteners. This technique is less time- 
consuming than inserting and individually constraining each component. Access the 


Pattern Component tool to pattern components using the Pattern Component dialog 
box. See Figure 19-2. 


-` component 
pattern: A 
reoccurrence 
of components 
_ ina designated 
configuration. 


Associative Patterning 


Use the Associative tab, shown in Figure 19-2, to pattern components in relation 
to an existing component feature pattern. For example, the pattern of fasteners shown ipype 
in Figure 19-1 are associated with a circular feature pattern of holes in the cover plate 
and elbow. The Component button is active by default, allowing you to choose compo- 
nents to pattern. The component in Figure 19-2 is a constrained screw. 

Pick the Associative Feature Pattern Select button and select the feature pattern 
to reference. The associative feature pattern in Figure 19-2 is a rectangular pattern 
of holes on the slide bar hinge component. The name of the pattern appears in the 
Feature Pattern Select display box, and Inventor previews of the pattern operation. If 
the preview looks correct, pick the OK button to generate the pattern. 
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oIa 
Figure 19-1. 


An example of 
an assembly with 
a pattern of nut 
and bolt fastener 
components. 


n U a 
Figure 19-2. 


The Associative tab of the Pattern Component dialog box. In this example, the slide bar hinge 
component includes a feature pattern and the assembly contains an associative component 
pattern. 


Pick to select a Rectangular 
component to pattern tab 


Circular Screw Feature Associative 
tab pattern component pattern 


Associative Pick to select a feature 
tab pattern to reference 
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The associative function of the Pattern Component tool is excellent 
for quickly adding components. The assembly pattern adjusts para- 
metrically to any changes made to the feature pattern. 


Exercise 19-1 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 19-1. 


Rectangular Patterning 


Select the Rectangular tab, shown in Figure 19-3, to create a rectangular pattern 
of a component without identifying an associative feature pattern. For example, 
Figure 19-3 shows patterning a grounded bracket that is later linked with other compo- 
nents created in-place. The Component button is active by default, allowing you to 
choose components to pattern. 
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Figure 19-3. 

The Rectangular 
tab of the Pattern 
Component dialog 
box and an example 
of a rectangular 
component pattern. 


Rectangular tab 


Patten Component 


3J 
{ 


Pick the Column Direction button and select a feature edge, axis, or work axis, 
including an axis in the Origin folder of the browser, to specify the column direction. 
If the preview and direction arrow appear incorrect, pick the Flip button to reverse the 
direction. Specify the number of occurrences using the Count text box. Then specify 
the spacing using the Spacing text box. For example, to pattern a block that is 1” wide 
and include a 1/2” space between pattern copies, you must specify a 1 1/2” spacing. 

After you define Column options, repeat the steps to define Row settings. For most 
applications, the row direction is nonparallel to the column direction. Direction arrows 
and a preview display the complete pattern operation. Pick the OK button to generate 
the rectangular pattern. 


Circular Patterning 


Select the Circular tab, shown in Figure 19-4, to create a circular pattern of compo- 
nents without identifying an associative feature pattern. For example, Figure 19-4 
shows circular patterning a constrained stud, which will later be welded to the plate. 
The Component button is active by default, allowing you to choose components to 
pattern. 

Pick the Axis Direction button and select a feature edge, axis, work axis, or an 
axis in the Origin folder of the browser to specify the axis around which components 
pattern. If the preview and direction arrow appear incorrect, pick the Flip button to 
reverse the direction. Specify the number of occurrences using the Count text box. Then 
use the Angle text box to set an included angle to divide the count equally between. 
For example, to distribute the copies around a 360° circle, divide 360 by the count to 
identify the angle. Pick the OK button to generate the circular pattern. 


Figure 19-4. 

The Circular tab 
of the Pattern Pattern: Component 
Component dialog ; 
box and an example 
of a circular 


Circular tab 


Original component 


r- Circular == 


component pattern. Ji 
| 3 éul z i 
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To turn off, or hide, certain patterned component occurrences, 
expand the component pattern in the browser, right-click on the 
occurrence to hide, and pick Suppress. You can demote component 
pattern elements, other than the parent element. You can also sepa- 
rate a component pattern element from the pattern by right-clicking 
on the element in the browser and selecting Independent. 


— Mirrored components can save significant time by eliminating the need to create 
come eae: additional components using traditional techniques. Figure 19-5 shows an example of 
eversed copies of 4 : ; : 5 

a component. mirroring components to create an assembly. In this example, the first mirror opera- 
tion creates the symmetrical legs and provides reference geometry for creating the 
Assemble upper bracket. 

Access the Mirror Component tool to mirror components using the Mirror Components 
dialog box. See Figure 19-6. The Components button is active by default, allowing you 
to select components to mirror. Then pick the Mirror Plane button and select the mirror 
plane. Choose any available plane, including a planar feature face, work plane, or a 
| plane in the Origin folder of the browser. 


Selected components are listed under the assembly file in the list box. The default 


mirror plane: A ‘ : é : 3 A 3 
plane ct aay Mirror symbol indicates that the mirrored component becomes a derived body in a 


comporentsare Separate file, which is appropriate when the mirror results in a unique component. To 

mirrored. reuse the exact component, without creating a separate file, select the Copy symbol to 
| derived body: change it to a Reuse symbol. For example, you do not need to create a new mirrored 

A single body, or z z: 

e Aeg “COpy ofa standard screw. If you do not want to mirror or reuse a component, pick the 

from multiple Mirror symbol until you see the Excluded symbol. 

features or é sigue : : : 

components. Pick the More button to access additional mirroring preferences and preview 


options. Select the Reuse Content Library Components and Factory Parts check box to 
reuse, not mirror, library components such as shared fasteners or springs. The Preview 
Components area contains check boxes that allow you to define the type of compo- 
nents that will be previewed in the graphics window during the mirror process. 


i 


Figure os ; Created in place by referencing 
An exampie the first mirror 
of mirroring 


components to 
create an assembly. 


Second mirror 


First mirror 
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Figure 19-6. 


The Mirror Components dialog box and an example of selecting components to mirror and a 
mirror plane. 


Mirror button Reuse button Exclude button 
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Name Files Dialog Box 


Pick the Next button to access the Mirror Components: File Names dialog box shown 
in Figure 19-7. Remember, mirrored components are copied to new files as derived 
bodies. Use the File Names dialog box to define file name and location preferences for 
the new files created when you mirror components. If necessary, pick the Return to 
Selection button to reopen the Mirror Components dialog box and redefine selections. 
Pick the OK button to generate the mirrored components and the separate component 
files. The selected Component Destination radio button controls whether you reenter 
the assembly work environment, or if the mirror occurs in a separate assembly file. 


Naming Files 


The Name column lists each selected component nested in the parent assembly 
file. The New Name column lists the default name assigned to the new files created 
during the mirror operation. The Naming Scheme area specifies default new file name 
characteristics. Select the Suffix check box to add the characters in the Suffix text box 
after the existing file name. Select the Prefix check box to add the characters in the 
Prefix text box before the file name. 


Figure 19-7. 
The Mirror Components: File Names dialog box. 
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Pick the Apply button to observe changes made to the naming scheme in the New 
Name column. To undo the settings and return to the previous naming scheme, pick the 
Revert button. Pick the Increment check box to apply incremental numbers to file names. 
You can also select the default new name and modify the name using the text box. 


Locating Components 


The File location column identifies the location of each new file. The default Source 
Path option places the new file in the same location as the existing component. Right- 
click on Source Path and select Workspace to save the file to the current workspace. 
Right-click on Source Path and pick User Path to place the file in a different location 
using the Browse button to specify a path. 

The Component Destination area allows you to define where to place mirrored 
components. Select the Insert in Assembly radio button to return to the graphics 
window and place the mirrored components into the current assembly file. Select the 
Open in New Window radio button to create a new assembly file and add only the 
mirrored components to the new file. 


File Status 


The Status column identifies the status of the mirror process based on the speci- 
fied new file names and locations. A New File status identifies that the new file name 
is acceptable and does not already exist. A Reuse Existing status indicates that you 
can use the new part file name, but an existing file already uses the same name. If you 
enter a name for an assembly file that is the same as an existing assembly file name, an 
unacceptable Name Conflict status occurs and the background is red. 


Exercise 19-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 19-2. 


Assemble 


> Companent For most applications, insert additional copies of existing components using one of 
PP. 


= HAm 
D a 
Copy 


the techniques described in Chapter 17, or pattern features when appropriate. However, 
a different operation, conducted using the Copy Components tool, is required to reuse 
j a component but also make changes to the component without affecting the component 


Shortcut 


as used in other assemblies. Copying components accelerates the traditional process of 
Si saving copies of files. Figure 19-8 shows an example of copying components to create 
a unique hinge design without overriding the original design. 


Do not confuse the process of inserting, or reusing, existing compo- 
nent files into an assembly with copying components using the 
Copy Components tool. When you copy a component, you create a 
completely new file. 


The Copy Components dialog box appears when you access the Copy Components 
tool. See Figure 19-8. The Components button is active by default, allowing you to 
pick components to copy. Selected components are listed under the assembly file in 
the list box. The default Copy symbol indicates that a copy of the component forms as 
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Figure 19-8. 
Using the Copy Components dialog box to copy hinge components as separate files, and then 
modifying the copies to create a unique product. 
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a separate component file, which is appropriate if you plan to edit the copy. To reuse 
the exact component, without creating a separate file, select the Copy symbol to change 
it to a Reuse symbol. For example, you do not need to create a new file of a standard 
screw. If you do want copy or reuse a component, pick the Copy symbol until you see 
the Excluded symbol. 

Pick the More button to access the Reuse Content Library Components and Factory 
Parts check box to reuse, not copy, library components such as shared fasteners or 
springs. Pick the Next button to access the Copy Components: File Names dialog box. 
This is the same dialog box that appears when you mirror components using the Mirror 
Components tool. Use the options in the Copy Components: File Names dialog box to 
define file name and location preferences for the new component files created when 
you copy components. Depending on the selected Component Destination radio button, 
pick the OK button to re-enter the assembly work environment and pick a location to 
place the copied assembly component, or display the copies in a new assembly file. 


Mirrored and copied components are grounded in space, but they 
contain no other assembly constraints. 


Exercise 19-3 


Access the Student Web site (www.g-wlearning.com/CAD) and | 
complete Exercise 19-3. 
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Edit a component file to make changes to component parameters. You can open 
a component from within an assembly by right-clicking on the component in the 
browser or graphics window and selecting Open. You can also edit a component in 
place, which is what you do when you build components in place. Editing a compo- 
nent in place is often the easiest way to make changes and explore design options in 
relation to the assembly. To edit a component in place, double-click on the component 
in the browser or graphics window, right-click on the component and select Edit, or 
select the Modeling View option in the browser. Several other tools and options are also 
available for adjusting assembly components. 


Replacing Components 


Ribbon The Replace Component and Replace All tools provide an effective way to 
replace components without going through the process of deleting, inserting, and re- 
constraining the new components. Access the Replace Component tool to replace a 
single component. Access the Replace All tool to replace all the instances of a compo- 
nent. The Open dialog box appears when you select a component to replace, allowing 
ae you to locate the replacement. The replacement is positioned and changed according 
Component Enti 3 ; A : 
to the original component, including changing to the same color override. However, 
Ty if the new component geometry is significantly different from the old, as shown in 
Figure 19-9, constraints may no longer exist. i 


Exercise 19-4 : 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 19-4. 


Component 


>R lace All 


[Ctrl]+[Shift]+[H] 


Figure 19-9. 

An example 

of replacing a 
component with 
one that is similar 
to the original and 
with a very different 
design. Constraints 
may automatically 
be removed if 

the replacement 

is significantly 
different. 


Replacement Similar Replacement Very Different 
to Original from Original 
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Moving Components 


When you drag an unconstrained component, the component remains in the [ES 


moved location unless you move it back, undo the move, or add constraints. Use the | Assemble - 


Move Component tool to move a constrained, or even grounded, component for clarity 
and display purposes. Hold down the left mouse button on the component, drag the 
component, and release the left mouse button to drop the component. Continue moving 
components as required. To exit, press [Esc], right-click and pick Done, pick anywhere [uM 

3 4 Component 

in space, or access another tool. See Figure 19-10. 


Type 


Rotating Components 


Often while working with an assembly, you will find that a component is not in Middl 
the correct orientation to begin constraining. You may also need to orbit a specific © > Fosition 
component without changing the view of the remaining components. Use the Rotate Em 
Component tool to orbit an unconstrained, constrained, or even grounded component. Pick ia] 


the component to rotate and orbit the component as you would the model using the 


Rotate 


Shortcut 


Free Orbit tool. Continue rotating components as required. To exit, press [Esc], right-click FRemponent 
and pick Done, pick anywhere in space, or access another tool. See Figure 19-11. 


Fa hie NUR ae Se E 


Updating the assembly overrides a move or rotate conducted using 
the Move Component or Rotate Component tools if constraints are 
present, bringing components back to their original constrained 
location. 


Figure 19-10. 

Using the Move 

Component tool to 

move a constrained Selected 
component. go™ pagent 


Moved 


Figure 19-11. 

Using the Rotate 
Component tool to 
rotate a constrained 
component. 


Selected 
component 
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override: A 
temporary change 
to the current style 
or color settings. 


cutting plane: A 
plane that defines 
the location at 
which a component 
is sliced to show 
interior features. 
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Changing Component Colors 


Components initially appear in an assembly according to the color assigned to part 
models. Often the material and color properties are the same or similar for different 
components. Using the same colored components is appropriate for an assembly to 
resemble the final product. However, the result is an assembly with components that 
can be difficult to distinguish for modeling purposes. Overriding component color 
in the assembly is often necessary to make designs easier to understand and use. See 
Figure 19-12. 

To override the component color in an assembly, select the component in the 
browser or graphics window and choose a color from the Color Override flyout. See 
Figure 19-12. You can also specify a color override by right-clicking on a component 
and selecting iProperties to change the color using the Color Style drop-down list 
in the Occurrence tab of the iProperties dialog box. Color override in the assembly 
environment does not affect component color in the component file. 


Exercise 19-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 19-5. 


Sectioning Assemblies 


If you have difficulty clearly observing a design, visualizing assembly component 
relationships, or accessing features when constraining or creating components, you 
may be able to solve the problem with an assembly section view. See Figure 19-13. 
When you finish using the section view, pick the End Section View button from the 
Section View flyout button to return to the complete, unsectioned assembly. 

Use section view tools to expose hidden component features. You can create 
different section views, depending on the application and the amount of material to 
remove, and then return the model to the unsectioned view when you are finished. To 
apply a section, you must select faces or planes to specify the cutting plane. 


Figure 19-12. 
Components in an assembly are easier to distinguish when they are different colors. A quick 
way to change component color is to use the Color Override flyout. 


All Components Are All Components Are 
Same Color Different Colors Recent) 
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Figure 19-13. 
Knowing how to use section views will make it easier to create internal components in place. 


Component 


Section 


First Component Creating a Component Final Assembly 
in Place 


Quarter Section 


Access the Quarter Section View tool to create a quarter section view by picking 
two intersecting faces or work planes. The side of the face or plane you select deter- 
mines which quarter of material remains. See Figure 19-14. If the section looks accept- 
able, press [Esc], right-click and pick Done, pick anywhere in space, or access another 


tool to exit. If the section is not correct, you may be able to solve the problem by | 
right-clicking and selecting Flip Section to change the direction of sight, or pick Three ! 


Quarter Section View to create a three-quarter section view. 


Half Section 


Access the Half Section View tool to create a half section by picking a face or plane. 
The side of the face or plane you select determines which half of the material remains. 
See Figure 19-15. If the section looks acceptable, press [Esc], right-click and pick Done, 


pick anywhere in space, or access another tool to exit. If the section is not correct, you | 
may be able to solve the problem by right-clicking and selecting Flip Section to change | 


the direction of sight. 
Figure 19-14. 
Creating a quarter section view. 
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EEE 
Figure 19-15. 


Creating a half section view. 


Selected work plane 


Original Assembly Half Section 


Three-Quarter Section 


Ribbon Access the Three Quarter Section View tool to create a three-quarter section by 

view picking two intersecting faces or planes. The side of the face or plane you select deter- 
> Appearance _ k : A A 2 $ 

sag mines which quarter of material is removed. See Figure 19-16. If the section looks 


acceptable, press [Esc], right-click and pick Done, pick anywhere in space, or access 
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Three Quarter | another tool to exit. If the section is not correct, you may be able to solve the problem 


Section View 


by right-clicking and selecting Flip Section to change the direction of sight, or pick the 


taeeterter Quarter Section View option to define a quarter section view. 
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Do not confuse assembly model sections with 2D drawing sections. 
A three-quarter assembly model section is a half section when 
drafting and an assembly model half section is a full section when 
drafting. : 


Exercise 19-6 _ 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 19-6. 


A subassembly is made of the same components and looks the same regardless of 
the parent assembly to which you add the subassembly. This becomes an issue when 
the subassembly must appear differently in different assemblies. For example, when 
you add the subassembly shown in Figure 19-17 to an assembly, each instance of the 
subassembly looks the same. Create a flexible subassembly in order to display subas- 
sembly components in different conditions. Figure 19-17 shows turning the subas- 
sembly adjustment knob for several instances in the same parent assembly file. 

To make a subassembly flexible, right-click on the subassembly in the browser or 
graphics window and select Flexible. Once they become flexible, unconstrained subas- 
sembly components are free to move according to possible degrees of freedom and 
can be constrained as needed. To return a subassembly to its original orientation, as 
defined in the subassembly file, deselect the Flexible menu option. 


flexible 
subassembly: 
A subassembly 
you can adjust 

- to display unique 
characteristics 

: or kinematic 

* conditions. 


You cannot make parts, parent assemblies, component patterns, or 
weldments flexible. 


Figure 19-17. 
Multiple instances 
of a subassembly are 
initially positioned 
identically, but you 
can change the 
position of each to 
show an alternative 
display or convey 
kinetic conditions. 
(Model courtesy of Subassembly 
Ethan Collins) 
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Inventor provides design view, positional, and level-of-detail representations to 
aid in working with assemblies, especially large complex assemblies. Use represen- 
tations to access a specific assembly display configuration, without spending time 
recreating the appearance when needed. Access and manage representations using 
the Representations folder in the browser, or using specific representation tools. 


Design View Representations 


A design view representation “takes a picture” of an assembly with a specified set 
of component colors and styles, component selection, visibility status, and flexibility 
condition. For example, you can create design view representations with different 
colored components, a section view of the assembly, or certain components disabled 


or turned off. You can then recall a design view representation as needed, without 


reassigning the various view characteristics. 

Select the View node from the Representations folder to control design view repre- 

sentations in the browser, or manage design view representations using the Design 
View Representations dialog box. See Figure 19-18. The Master view represents the 
unaltered assembly. You cannot modify the Master view, such as by overriding compo- 
nent colors, and you cannot delete it. You can use the Default view to develop a design 
view representation that is different from the Master view, or create new views as 
needed. 
To create a new view, right-click on the View node and select New, or type a 
name in the Design View Representations text box and pick the New button. Specify 
a new view name, or edit an existing name to something more descriptive, such as 
Half section or Bracket-off. Then, to develop a view, make changes to the Default view 
by assigning color overrides, disabling components, turning off component visibility, 
adding section views, or adjusting other display characteristics as needed, depending 
on the purpose of the view. 

Changes made to the active view are automatically saved with the view in the 
current assembly file. To activate a different design view representation from the browser, 
double-click on the view, select the view from the Design View Representations flyout, or 
right-click on a view and select Activate. From the Design View Representations dialog 
box, activate a view by picking the view and selecting the Active button. The active 
design view displays the view characteristics assigned to the view. To delete a design 
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view representation from the browser, right-click on a view and select Delete, or while 
using the Design View Representations dialog box, pick the view and select the Delete 
button. 


The active Public radio button in the Design View Representations 
dialog box indicates that views are saved to the assembly file, which 
is appropriate from most applications. The Private... item in the 
browser and Private File options in the Design View Representations 
dialog box allow you to control the location of a separate design 
view representation .idv file, used by older versions of Inventor. 


Exercise 19-7 


se One mee e (www.g-wlearning.com/CAD) and . 
b: complete Exercise 19-7. 


Positional Representations 


The main purpose of a positional representation is to override specific assembly 
constraints without modifying or eliminating the original assembly constraints. Positional 
representations are also required for generating overlay drawing views. Figure 19-19 shows 
an example of using positional representations. In this example, Master is the fully 
constrained and nonextended assembly with a 0 offset mate constraint; HALF uses 
a mate constraint override of 1.625”; and FULL uses a mate constraint override of 3.25”. 

Select the Position node from the Representations folder in the browser to control 
positional representations. The Master view represents the unaltered assembly and 
appears when you create a new positional representation. To create a positional repre- 
sentation, right-click on the Position node and select New. Most assembly tools become 
disabled and a new positional representation named Position! appears, along with the 


Figure 19-19. 
Master is the default positional representation, but you can create others, such as the HALF 
and FULL positional representations used to illustrate various piston extensions. 
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Master view. Specify a more descriptive name if necessary, such as HALF or FULL, as 
shown in Figure 19-19. 

Then, to develop a positional representation, override component placement and 
constraints. This process is similar to dragging, modifying, or driving constraints and 
components, but you use the Override Object dialog box. To access the Override Object 
dialog box, shown in Figure 19-20, right-click on a component, rectangular or circular 
component pattern, or constraint to override and select Override. You can also double- 
click on a constraint. The options in the Override Object dialog box are specific to 
the item you override. Use the Positional Representation drop-down list to select the 
positional representation in which the override occurs. Select the All option to apply 
the override to all positional representations except for Master. 

The options on the Constraint tab, shown in Figure 19-20A, are available when 
you override a constraint. To override constraint suppression, pick the Suppression 
check box to suppress an enabled constraint or Enable from the drop-down list to 
enable a suppressed constraint. To override the value of a constraint, select the Value 
check box, and then enter a different value in the text box. 

The options on the Pattern tab, shown in Figure 19-20B, are available when you 
override a rectangular or circular component pattern. Override rectangular pattern 
row and/or column spacing by picking the appropriate check boxes. Then specify a 
value using the corresponding text boxes. Override a circular pattern angle by speci- 
fying a value in the text box. Pattern values override spacing between pattern copies, 
even though Inventor identifies the value as offset. 

The options on the Component tab, shown in Figure 19-20C, are available when 
you override a component. To override component grounding, pick the Grounding 
check box. To override the component location, or offset, pick the Position Offset check 
box, and then drag the component to a new location in the graphics window. Pick the 
Positional Representation check box to override the positional representation selected 
from the drop-down list. If the component is a subassembly, pick the Flexible Status check 
box to override the flexibility of the subassembly by selecting Flexible or Non-Flexible from 
the drop-down list. 


Figure 19-20. 
A—The Constraint tab of the Override Object dialog box. B—The Pattern tab of the Override 
Object dialog box. C—The Component tab of the Override Object dialog box. 
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Tools such as Move Component, Rotate Component, and the various | 
section view options are available when you create a positional | 
representation. However, the main purpose of establishing a posi- 
tional representation is to use overrides. 


Changes made to the active view are automatically saved with the view in the 
current assembly file. To activate a different positional view representation, double- 
click on the view or right-click on a view and select Activate. The active design view 
displays the overrides and positional characteristics assigned to the view. To delete a 
positional view representation, right-click on a view and select Delete. 


If you fully understand how to edit components and drive 
constraints, as described earlier in this chapter, you are better 
prepared to add positional representations. 


Exercise 19-8 — 


_ Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 19-8. 


Level-of-Detail Representations 


A level-of-detail representation controls the number of components suppressed 
in the assembly, and provides a way to work with specific components without the 
clutter of the entire parent assembly. Figure 19-21 shows an example of using level-of- 
detail representations to recall specific groups of unsuppressed components. 

Select the Level of Detail node from the Representations folder in the browser 
to control level of detail representations. The Master view represents the unaltered 
assembly. To suppress all components in the assembly, double-click on the All Compo- 
nents Suppressed view. Use this option before saving and closing a file to decrease 
load time the next time you open the file, or to suppress all components and then 
individually unsuppress certain components. Double-click the All Parts Suppressed 
view to increase performance in large assemblies and work only with subassemblies. 
Double-click the All Content Center Suppressed view to increase performance in large 
assemblies by suppressing all content center components. 

To create a level-of-detail representation, right-click on the Level of Detail node and 
select New Level of Detail. Specify a more descriptive name if necessary, such as those 
shown in Figure 19-21. Then suppress components as appropriate and save the file to 
save the changes made to the level-of-detail representation. You can now work between 
different levels of detail views to suppress and unsuppress groups of components. 


 level-of-detail 
representation: 
An assembly view 
in which a set of 

- components are 

` suppressed. 


PROFESSIONAL TIP _ 


Use Master design view, positional, and level-of-detail representa- 
tions to return to the standard assembly display, and as a point of 
beginning when creating new representations. 
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Figure 19-21. 

An example of a 
guitar assembl 
with three levels of 
detail for working 
on specific portions 
of the assembly 
and increasing 
model performance. 
(Model courtesy of 
Ethan Collins) 


Vv ie~ 
Guitar.iam (TUNER HEAD) 
5 fg Representations 
$ FS» View: View! 
T Position 3 
+ Hy Level of Detall : TUNER HEAD 
Be Master 
He All Components Suppress: 
Le All Parts Suppressed 


i 


Raley INER HEAD] 
- Fg BODY & NECK 
ae PY Origin 


Large assemblies with many components can often be cumbersome 
to work with because large assembly files reduce performance and 
consume significant memory. One option for increasing perfor- 
mance is to postpone updates of changes made to components until 
you update the file. Use the Defer Update tool to postpone updates. 
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Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
& or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


Briefly describe a component pattern. 

Describe and give an example of an associative pattern. 

What are mirrored components? 

What is the function of the Replace Component tool? 

. Briefly explain how to override the component colors in an assembly without 
affecting the color in the component file. 

. Describe a quarter section view. 

What is a half section view? 

What is a flexible subassembly? 

Explain the basic function of a design view representation. 

What is a level-of-detail representation? 
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Problems 
1-2 Instructions: Follow the specific instructions for the following problems. 


l. Ensure that the Exercises and Problems project is active. Access the Open dialog 
box and pick the Samples library to navigate to the Samples folder. Open the 
Personal Computer.iam file from the following folder: Samples/Models/Assemblies/ 
Personal Computer. Use view tools and the browser to explore the model. Activate 
the Ribbon Cable Creation level-of-detail representation and then return to the 
Master view. Close the assembly file without saving. 


2. Ensure that the Exercises and Problems project is active. Access the Open dialog 
box and pick the Samples library to navigate to the Samples folder. Open the 
Suspension.iam file from the following folder: Samples/Models/Assemblies/ 
Suspension. Use view tools and the browser to explore the model. Activate the 
Right Bump positional representation and then return to the Master view. Close the 
assembly file without saving. 


3—6 Instructions: 


e Prepare new components for insert or build components in-place as appropriate to 
create the following assemblies. 
Use appropriate names and properties for all components. 
Use appropriate sketching techniques and fully constrain sketch geometry. 
Add all necessary assembly constraints. 
Use your own judgment and approximate dimensions when necessary. 
Add as much information as possible to the iProperties dialog box for component and 
assembly files. Assign the specified material and color to parts. 
e Follow the specific instructions for each problem to create the assemblies. 
Note: Inventor dimensional constraint appearance may not comply with ASME standards. 


Advanced | | 3. Title: SHOCK ABSORBER 
. Units: Inch or Metric 
Template: Assembly-IN.iam or Assembly-mm.iam 
Part Number: IAA-106-001-01 
Project: UTILITY VEHICLE 
Save as: P19-4.iam 
Specific Instructions: Design a shock absorber assembly similar to the example 
shown. 
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Assembly 


Individual Parts 


4. Title: SHOCK ABSORB SYSTEM K intermediate 
Units: Inch or Metric Eo 
Template: Assembly-IN.iam or Assembly-mm.iam 
Part Number: IAA-106-001 
Project: UTILITY VEHICLE 
Save as: P19-5.iam 
Specific Instructions: Design a shock absorption system similar to the example 
shown. Insert two copies of the shock absorber from Problem 19-3. Create a sheet 
metal bracket as shown and insert a second copy. 


Subassemblies Parts Assembly 
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Advanced | | 5. Title: DISPENSER 

e o Units: Inch or Metric 
Template: Assembly-IN.iam or Assembly-mm.iam 
Part Number: IAA-107 
Project: DISPENSER 
Save as: P19-6.iam 
Specific Instructions: Design a dispenser assembly similar to the example 
shown. Create the subassembly shown using a separate pin, two bushings, and 
a wheel file. Then insert the subassembly into a file with the base part to create 
the assembly. Use adaptive modeling and then change the dimensions to explore 
correct adaptivity. 


Subassembly Assembly 


v 6. Title: LEVER SUBASSEMBLY 
H Units: Inch or Metric 
Template: Assembly-IN.iam or Assembly-mm.iam 
Part Number: IAA-108 
Project: LEVER 
Save as: P19-7.iam 
Specific Instructions: Design a lever assembly similar to the example shown. Use 
adaptive modeling and then change the dimensions to explore correct adaptivity. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Begin new weldments and convert assemblies to weldments. 
Prepare weldment components for welding. 

Place fillet, groove, and cosmetic welds. 

Add welding symbols and end fills. 

Machine and edit weldments. 


ss & XS & 


Inventor includes welding tools that allow you to model a weldment. See Figure 20-1. 
A weldment model is an assembly model that allows you to apply pre-weld, weld, and 
post-weld operations to replicate developing a welded product. This chapter explains 
the process of creating a weldment model. 


Figure 20-1. 
An example of a weldment model created by preparing and assembling components, and 
then welding the components together. Look closely to see the weld bead representations. 


Assembled Components Weldment 


_ welding: The 
process of joining 


pieces of like 
materials, usually 
metal or plastic, by 


_ heating the material 


to a temperature 


- that is high enough 


to cause softening 
or melting, so the 
pieces combine 
grain structure and 
become joined 
together. 


- weldment: An 
` assembly in which 


components are 
fixed together with 
welds. 
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Ribbon 
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The initial phase of weldment modeling is much like creating an assembly. Start 
with a weldment model template and insert existing components or create compo- 
nents in place. Then constrain the components to form the assembly. The next phases 
are specific to weldment modeling. Add pre-weld, or preparation, features to prepare 
the model for welding. Then weld components together using weld features. Finally, if 
necessary, apply post-weld, or machined, features to finish the weldment. The standard 
approach to weldment modeling varies depending on the application. For example, 
you may want to prepare components before assembly with constraints. You also have 
the option of converting an assembly to a weldment. 


Weldment Templates 


Assembly and weldment files carry the file extension .iam. Typically, when you 
begin a new design, you specify whether the assembly is for a non-weldment assembly 
or a weldment application. Use a weldment template to create a weldment using weld- 
ment tools and options. 


Converting Assemblies to Weldments 


If you begin modeling from a non-weldment assembly template, you must convert 
the assembly to the weldment assembly environment to access weldment tools. Access 
the Convert to Weldment tool to change from an assembly design to a weldment design. 
Once you transition from an assembly to a weldment, you cannot return to an assembly 


| application. An alert advises you of this rule and asks if you want to proceed. If neces- 


sary, save a copy of the assembly before converting it to a weldment. Select the Yes button 


| to continue the conversion and display the Convert to Weldment dialog box. 


Select a radio button from the Standard area to set the standard to be used when 
applying welds and welding symbols. Select a weld bead material corresponding to the 
product material from the Weld Bead Material drop-down list. Select an option from 
the Default BOM Structure drop-down list to adjust the status of the weldment in the 
assembly bill of material. The Inseparable option is suitable for most weldment appli- 
cations. Options in the Feature Conversion area are enabled if the assembly includes 
features. Pick the Weld preparations radio button to convert assembly features to weld- 
ment preparations, or pick the Machining features radio button to convert assembly 
features to weldment-machined features. Pick the OK button to finalize the conversion 
and enter the weldment work environment. 


The Weldment environment includes modeling tools, such as Extrude, 
specifically for weldment model applications, including preparing 
and machining components. Do not confuse these feature tools with 
those used to create part or subassembly models, even though they 
function the same. Using feature tools to modify a weldment does 
not affect component models outside of the weldment file. 


Exercise 20-1 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 20-1. 
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Exercise 20-2 


Access the Student Web site (www.g-wlearning.com/CAD) pe 
complete Exercise 20-2. 


_ material 
preparation: All 
tasks required and 
` performed before 
» welding. 


Material preparation allows you to form a joint, groove, root opening, hole, or 
other feature required to achieve the proper weld. The type, location, and size of prep- 
aration features are specific to the welding application. Figure 20-2 shows examples 
_ of common weld preparations. Although you can prepare components for welding in ». root sponte 
component files, material preparation tools in the weldment work environment mimic f space between 
the process of preparing components for welding. You can add preparations before or $ ahos a prever 
after constraining components. vald: 

The Preparations node in the browser stores preparations. Activate the prepara- RES 
tion mode from the ribbon, or double-click on the Preparations node in the browser 
or right-click on the node and select Edit. The preparation work environment provides | 
common feature, work feature, feature pattern, and parameter tools appropriate for | 
pre-weld operations. These tools behave the same as those in the standard part model 
environment, except that you can only remove material when adding preparations. 

Use the Extrude, Revolve, and Sweep tools to cut a sketch profile for applications 
such as J grooves, U grooves, and slots for slot welds. Use the Hole tool to add holes 
for spot welds. Figure 20-3 shows examples of sketched features and holes added as 
preparations. Use the Fillet tool to create J grooves and the Chamfer tool to produce 
bevel and V grooves, as shown in Figure 20-4. Use the Move Face tool to move faces for 
a root opening. Pattern features such as holes and slots using the Mirror, Rectangular 
Pattern, and Circular Pattern tools. 

When you are finished preparing material, exit the preparation mode by double- 
clicking on the weldment icon in the browser, or activating another weldment process. 
You can also right-click on the Preparations node and select Finish Edit, or use the 
Return tool. Re-enter the preparation mode as needed throughout the weldment design 
process. 


Figure 20-2. 
Examples of weld preparations. 
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root opening 
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Figure 20-3. 
Examples of weld 
preparations created 
using extruded 
sketch profiles and 
holes. 


Holes for Spot Welds Slot for Slot Weld 


Figure 20-4. 


Examples of weld 
preparations created 
using the Chamfer 


Bevel Groove V Groove 


PROFESSIONAL TIP 


In some situations, you can use assembly constrains to mimic a 
preparation without creating a preparation feature. For example, you 
can use an offset mate constraint to define a root opening. However, 
you must compensate for the root opening when designing the 
component. 


y Exercise 20-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 20-3. 
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Weld placement, or welding, is the next phase of weldment modeling. Weld place- 
ment often fills the joint, groove, or hole created during material preparation. Tradi- 
tionally, weld specifications appear on a drawing, pointing to the weld joint. Inventor 
allows you to add welds to the model, much like creating an actual weldment. You can 
then reference the weld information when preparing a drawing. 

The Welds node in the browser stores welds. Activate the welding mode from 
the ribbon, double-click on the Welds node in the browser, or right-click on the node 
and select Edit. The welding work environment provides welding, work feature, and 
parameter tools. The work feature and parameter tools behave the same as those in the 
standard part model environment. 

Figure 20-5 shows a weldment with examples of the fillet, groove, and cosmetic 
- welds you can create using welding tools. Use the Fillet Weld tool to create an authentic 
fillet weld. Use the Groove Weld tool to create non-fillet welds, such as spot, slot, V-groove, 
and butt welds. Fillet and groove welds display and calculate weld bead mass. Weld 
beads can include a .bmp image of weld geometry, if you select an appropriate weld bead 
material and color. Use the Cosmetic Weld tool to locate and specify any type of weld. 
A cosmetic weld highlights the joint without creating a bead representation, and includes 
weld bead cross-sectional area properties. All welds can include a welding symbol 
that you can later recall when creating a weldment drawing. 

The Bead folder in the Welds node of the browser stores weld beads. Welding 
symbols are listed separately in the browser, and consume a copy of the model weld 
bead, although the weld bead is also displayed in the Beads folder. Before you begin 
welding, you may want to select or confirm weld properties, including material and 
color. To specify weld properties, right-click on the Welds node in the browser, or any 
weld in the graphics window, and select iProperties to access the iProperties dialog 
box. Here you can adjust options specific to welds not found in the iProperties dialog 
box of the file. Pick the appropriate weld bead material from the Material drop-down 
list in the Physical tab. 

When you are finished welding, exit the welding mode by double-clicking on the 
weldment icon in the browser or activating another weldment process. You can also 
right-click on the Welds node and select Finish Edit, or use the Return tool. Re-enter the 
welding mode as needed throughout the weldment design process. 


Figure 20-5. 
A weldment 
with examples of Groove welds 
fillet, groove, and 
cosmetic welds. 


Cosmetic welds 


Fillet welds 
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> weld placement 
| (welding): 


| The process of 
specifying the 


_ type, size, and 
~ location of weld 


applied to assembly 
components. 


Ribbon 
Weld 


>Process ~ 


welding symbol: 
A symbol! that 
indicates welding 
specifications. 


497 


Adjust weld bead properties in separate weldment templates for 
specific applications. For example, create a mild steel weldment 
template with the corresponding weld bead material for preparing 
mild steel weldments. 


Fillet Welds 
| fillet weld: A weld Access the Fillet Weld tool to create true fillet welds using the Fillet Weld dialog 


ith a triangular weld : 
aa a en box. See Figure 20-6. You can also use the Fillet Weld tool to place other welds, such 


ihe mtoraaon âS plug, spot, and combined groove and fillet welds. Use the Select Face(s) 1 button 


of te ae to pick the first face(s) to weld. Next, pick the Select Face(s) 2 button and select the 
components > Second face(s) to weld. When picking multiple tangent faces, choose the Chain check 


Ribbon box so you do not have to select the faces individually. The combination of selections 
locates the joint as shown in Figure 20-6. 


| To deselect faces, with the Select Face(s) 1 or Select Face(s) 2 still 
active, hold down [Shift] or [Ctrl] and pick the faces to remove from 
the selection. 


| When welding all-around components, you must pick multiple 
adjacent faces for each side. 


Figure 20-6. 
Using the Fillet Weld dialog box to create a fillet weld. 
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The options below the face selection buttons control the weld size. Pick the Leg 
Length Measurement radio button to specify the weld bead size according to leg length. 
Use the Leg 1 text box to specify the length of the first leg, which corresponds to the 
first selected face. Then, only if you want to create a different size second leg, specify 
a length using the Leg 2 text box, which corresponds to the second face you selected. 
Select the Throat Measurement radio button to identify the weld bead size according 
to the throat using the Throat Measurement text box. 

Select the appropriate contour using the Contour flyout. When you select the 
Convex or Concave option, the Offset text box activates, allowing you to define the 
distance from the imaginary line connecting the fillet weld toes to the weld bead face. 
The larger the convex or concave offset, the smaller the weld bead contour radius. The 
Offset text box does not apply to a Flat contour because the actual face of the weld bead 
connects the weld bead toes in a flat contour. 

The Intermittency area establishes whether the weld bead occurs along the entire 
` length of a joint or according to a specified weld length and pitch. For example, the 
weld shown in Figure 20-7 has a weld length of 25 mm and a pitch of 45 mm, which 
means there is a 20 mm space between weld beads. If both text boxes are clear, the 
weld bead occurs along the entire joint. To create an intermittent weld bead, specify 
the weld length using the Length text box, and specify the weld pitch using the Pitch 
text box. 

The Extents area allows you to define the extents of the weld. See Figure 20-8. Pick 
the All option to weld along the entire joint. Pick the From-To option to weld between 
two parallel faces or planes selected using the From and To buttons. Pick the Start- 
Length option to begin the weld at a distance specified in the Start Offset text box from 
the start of the joint, and using the weld length specified in the Length text box. Use the 
Flip Direction button on the left side of the dialog box to reverse the start point. 


Adding a Welding Symbol and Finalizing the Weld 


Pick the Create Welding Symbol check box to create a welding symbol for refer- 
ence in the model and to extract to a weldment drawing. The Fillet Weld Linking area 
defines the arrow side and other side welding symbol specifications according to the 
model weld bead settings previously described. The default None option allows you to 
create a welding symbol without referencing the model weld bead. To use the param- 
eters specified in the Bead area of the Fillet Weld dialog box, pick the Current Bead 
option from the drop-down lists. Notice that several welding symbol options become 
unavailable, because you have already set the data using options in the Bead area. 


Figure 20-7. 

You must know the 
weld length and 
pitch to build an 
intermittent fillet 
weld. 


Space between weld beads 


Weld length 
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| leg: The distance 
| from the intersection 


of the two selected 


_ faces, or joint, to the 


intersection of the 
weld bead and one 


` of the component 


faces. 


_ throat: The shortest 


distance from the 


_ intersection of the 
~ two selected faces, 
» or joint, to the weld 
- bead face. 


contour: The 


= external shape of 
- the weld surface, 


such as flat, 


» concave, or convex. 


_ toes: The 


intersection of the 
weld bead and one 


= of the component 
» faces. 


weld length: The 
length of each weld. 


pitch: The center- 
to-center distance 
between weld 
lengths. 


arrow side: The 


_ side of the joint 


where the weld 


` occurs and the 


welding symbol 
points. 


_ other side: The 


opposite side of the 
joint from the arrow 
side, where a weld 


_ may occur, but the 


welding symbol 


= does not point. 
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ears OR $$$ 
Figure 20-8. 


An example of a cosmetic weld created using the All extents option and the From-To 
extents option. 
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| The Other Side drop-down list of the Fillet Weld Linking area is 
available only if you specify an other side weld symbol using the 
Other Side button. 


Use fillet weld linking when adding a welding symbol to fillet welds 
so that the symbol becomes associated with the model weld beads. 


reference line: The additional options in the Create Welding Symbol area provide an interactive 


aered to a kader Means of constructing a welding symbol on the reference line. Figure 20-9 shows and 


pointing to a joint, describes basic options for developing a fillet welding symbol. Items in the Create 
- that includes weld A aN 

specifications. Welding Symbol area are adjusted when you select or deselect a specific weld symbol 
| weldsymbol: the and define welding symbol characteristics. Pick the Apply button to create the weld 
symbol added to the and remain in the tool, or pick the OK button to create the weld and exit. 

reference line that 

indicates the type 

of weld. - 


Exercise 20-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 20-4. 
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Figure 20-9. 
Basic options available for creating a fillet welding symbol. The options available vary 
significantly, depending on the selected arrow side and other side weld symbol. 
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The line placed 
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reference line when 
using British welding 
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No Identification Line option is the default and is appropriate 
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Select an arrow side weld symbol from the flyout. The welding 
symbol interface changes when you select a different symbol. 


Enter the length of an intermittent weld. 
Enter the pitch of an intermittent weld. 
[5o 


Select a contour, such as the flat contour shown above, and a 
means of achieving the contour, such as the G selected to 
indicate grinding. 


Other Side Symbol 
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Select an other side weld symbol from the flyout. The welding 
symbol interface changes when you select a different symbol. 


| field weld: A 
welding process 
_ performed on the 
` job site or in the 
field. 


weld all around: A 
weld that continues 
around the entire 
feature at the 

- designated location. 


Groove Welds 


Ribbon Access the Groove Weld tool to create common groove welds, such as square, double-V, 
and flare-bevel groove welds, using the Groove Weld dialog box. See Figure 20-10. 
You can also use the Groove Weld tool to add the groove weld portion of a combined 
groove and fillet weld. Use the Select Face(s) 1 button to pick the first face(s) to weld. 


or Next, pick the Select Face(s) 2 button and select the second face(s) to weld. When 
Í grooveweld:a Picking multiple tangent faces, choose the Chain check box so you do not have to select 
_ weld bead typically faces individually. The combination of selections specifies the groove filled by the 


i ee 

nan ede weld bead, as shown in Figure 20-10. You have the option of selecting the Full Face 
W aie td Weld check boxes as needed to define the length of the weld bead in reference to the 
| components, longest face. See Figure 20-11. 
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To deselect faces, with the Select Face(s) 1 or Select Face(s) 2 still 
active, hold down [Shift] or [Ctrl] and pick the faces to remove from 
the selection. 


Figure 20-10. 
Using the Groove Weld dialog box to create a square groove weld. 


Groove Wetd . Ee) Weld preview 


Face 1 


Selected fill 
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Figure 20-11. 
These groove welds 
illustrate the effects 
of using the Full 
Face Weld option. 


Without Full Face Weld Option With Full Face Weld Option 


502 Inventor and Its Applications 2010 


Next, specify the fill direction. The fill direction is calculated automatically if J fil direction: 
you pick the Full Face Weld check boxes in the Face Set 1 and Face Set 2 areas. Other- ff describes how the 
wise, you must choose the Select Fill Direction button and pick an appropriate face, | Wey generates 


work plane, edge, axis, or two points associated with the selected component faces, [faces are projected 
depending on the required weld fill direction. Often, the fill direction is perpendicular bp: 
to the selected component faces. For example, select the face shown in Figure 20-10 to * faces 
create the square groove weld. Figure 20-12 shows examples of a groove weld created 
by choosing the same face sets, but different fill directions. You also have the option of 
selecting the Radial Fill check box to bypass the fill direction selection when welding 
around circular faces. See Figure 20-13. 
If you select the Ignore Internal Loops check box, Inventor adds weld bead geom- 
etry to the entire face defined by an internal loop. If you do not select the Ignore Internal 
Loops check box, internal loops are calculated, and a weld bead occurs only around 
the groove. See Figure 20-14. 


Figure 20-12. 
Select the appropriate fill direction to create the desired groove weld. 
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Figure 20-13. 
An example of a Selected 
case in which using face 
the Radial Fill option 

is suitable. 
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eee 
Figure 20-14. 


These groove welds illustrate the effects of using the Ignore Internal Loops option. 


Without Ignore Internal Loops Option With Ignore Internal Loops Option 


| Help locate geometry to constrain using the Select Other tool and 
| wheel mouse selection techniques. Do not rely on picking both Full 
Face Weld check boxes to define the fill direction. Picking both Full 
Face Weld check boxes can result in an error that you can solve by 
specifying a fill direction. 


Adding a Welding Symbol and Finalizing the Weld 


Pick the Create Welding Symbol check box to create a welding symbol for refer- 
ence in the model and to extract to a weldment drawing. The Create Welding Symbol 
area functions the same as when adding fillet welds, except that no fillet weld linking 
is possible. Pick the appropriate weld symbol button and specify values using the 
welding symbol interface. Pick the Apply button to create the weld and remain in the 
tool, or pick the OK button to create the weld and exit. 


Exercise 20-5 


artesian a aa a sie A EE N E — 
Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 20-5. 


Cosmetic Welds 


| cosmetic weld: Access the Cosmetic Weld tool to create cosmetic welds using the Cosmetic Weld 
A modei weld that 


highlights the weld dialog box. See Figure 20-15. You can apply cosmetic welds to any joint to indicate 
Information toa» the location and specifications of most welding operations. Use the Select Edge(s) 


weldment without button to select intersections of components at which to weld. When selecting multiple 
creating a model : A 5 & 

Baisidiboad: continuous tangent edges, pick the Chain radio button so you do not have to select 
Ribbon edges individually. When selecting a closed loop, pick the Loop radio button so you do 


not have to select edges individually. 


To deselect faces, with the Select Face(s) 1 or Select Face(s) 2 still 
active, hold down [Shift] or [Ctrl] and pick the faces to remove from 
the selection. 
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Figure 20-15. 
Using the Cosmetic Weld dialog box to create a cosmetic weld. 
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The Extents area allows you to define the extents of the weld. Pick the All option 
to weld along the entire joint. Pick the From-To option to weld between two parallel 
faces or planes selected using the From and To buttons. The Area option allows you 
to define the cross-sectional area of the weld bead, even though a weld bead does not 
appear in the model. The default value is 0 to the second power, but you can enter any 
acceptable number or equation. 


Adding a Welding Symbol and Finalizing the Weld 


Pick the Create Welding Symbol check box to create a welding symbol for reference 
in the model and to extract to a weldment drawing. Welding symbols are especially 
important to cosmetic welds because cosmetic welds do not contain specific model 
parameters like welds created using the Fillet Weld and Groove Weld tools. If you do 
not add a welding symbol, a cosmetic weld is just a representation that implies that 
some type of weld occurs at a joint. 

The Create Welding Symbol area functions the same as when adding fillet welds, 
except that no fillet weld linking is possible. Pick the appropriate weld symbol button 
and specify values using the welding symbol interface. Pick the Apply button to create 
the weld and remain in the tool, or pick the OK button to create the weld and exit. 


Exercise 20-6 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 20-6. 


Welding Symbols 


Welding symbols are available in a model for reference and are extractable to a 
weldment drawing. For most applications, you apply welding symbols when using 
the Fillet Weld, Groove Weld, and Cosmetic Weld tools symbols by picking the Create EES 
Welding Symbol check box and using the options in the Create Welding Symbol area. 
However, you can use the Welding Symbol tool to add a welding symbol to the model 
if you have not already established a welding symbol while creating a weld bead. 

The Welding Symbol dialog box appears when you access the Welding Symbol tool. 
See Figure 20-16. Use the Select Bead button to pick a weld bead to apply a welding 
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Figure 20-16. 
An example of adding a welding symbol to a fillet weld using the Welding Symbol dialog box. 


Welding:Symbal | 


Selected 
bead 


cal ecole) 


symbol. Then define the welding symbol using the rest of the Welding Symbol dialog 
box options. The remaining options in the Welding Symbol dialog box behave the same 
as those in the Create Welding Symbol area of the welding tools. Pick the appropriate 
weld symbol button and specify values using the welding symbol interface. Pick the 
Apply button to create the weld and remain in the tool, or pick the OK button to create 
the weld and exit. 


End Fills 


Access the End Fill tool to add an end fill for model representation purposes and to 
extract to a weldment drawing. See Figure 20-17. Then pick the end of the weld beads 
to modify. By default, when you create a fillet weld, an end fill is applied automatically 
to the weld bead. As a result, the end fill is removed when you pick the end of a fillet 


End Fill 


end fill: End 
| Toa = Figure 20-17. 
gemie Compare the display of the weld bead end without fill to the weld bead with fill. 


Not filled 
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weld while using the End Fill tool. Groove welds do not automatically generate an end 
fill, so picking the end of a groove weld adds an end fill. 


Managing Weld Beads 


Modify weldments and weldment components using many of the same tech- 
niques as editing parts, subassemblies, and assemblies. Adjust preparations, welds, 
and machined features, described later in this chapter, using options in the browser. 
Weld beads and welding symbols, in particular, may require edit and include some 
specific management options. 

The Bead folder in the Welds node of the browser stores weld beads. Drag End of 
Features in the Bead folder as needed to suppress weld beads. Welding symbols are 
listed separately in the browser and consume a copy of the model weld bead, although 
the weld bead is also displayed in the Beads folder. Right-click on the Welds folder or 
. a weld bead in the browser or graphics window and deselect Visibility to turn off the 
display of weld bead geometry. Right-click on the Welds folder or a weld bead in the 
browser or graphics window and deselect Symbol Visibility to turn off the display of 
welding symbols, but not weld bead geometry. This is a common requirement when 
you are working with large or complex weldments that have many welding symbols. 

Right-click on the Welds folder or a weld bead in the browser or graphics window 
and select iProperties to access the iProperties dialog box associated with weld beads. 
You have already learned the importance of using the iProperties dialog box to specify 
the correct weld bead material from the Material drop-down list in the Physical tab. 
The Weld Bead tab includes additional options that are unique to weldments. The 
Visible check box provides another means of toggling the display of weld bead geom- 
etry and welding symbols. Deselect the Enabled check box to disable selection and 
editing of weld beads. The Weld Bead Color Style drop-down list controls the color 
and display characteristics of weld beads. The End Fill Color Style controls the color 
of weld bead end fills. To display the .bmp image of weld bead geometry and use the 
corresponding weld filler material, you must choose the appropriate welded material 
from the Physical tab and select the As Material color style option. 


Turning off weld bead or welding symbol visibility does not actu- | 
ally remove welds or welding symbols from the model. 


Weldment machining is required for any post-weld operation, such as adding a 
joint, groove, hole, or other feature. The type, location, and size of machined features 
are specific to the welding application and design. Figure 20-18 shows examples 
of weldment machining operations. Although you can machine components in the 
assembly file, machining tools in the weldment work environment mimics the process 
of post-weld processes. 

The Machining node in the browser stores machined features. Activate the 


machining mode from the ribbon, double-click on the Machining node in the browser, [i 
or right-click on the node and select Edit. The machining work environment provides | 
common feature, work feature, feature pattern, and parameter tools appropriate for | 


post-weld operations. These tools behave the same as those in the standard part model 
environment, except that you can only remove material when machining. 
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` weldment 

_ machining: Any 

_ task performed after 
you weld assembly 

-= components, such 
as drilling a hole 

` through components, 
_ preparations, and 

> welds. 


Ribbon 


Machining 
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Figure 20-18. 
Examples of various weldment machined features. 


Chamfers Cut extrusion Holes 


Weldment before Additional Machining Weldment after Additional Machining 


Use the Extrude, Revolve, and Sweep tools to cut a sketch profile, and use the 
Hole tool to add holes. Use the Fillet tool to cut rounds and the Chamfer tool to cut 
chamfers. Use the Move Face tool to move faces, and pattern features such as holes 
and slots using the Mirror, Rectangular Pattern, and Circular Pattern tools. When you 
are finished machining, exit the machining mode by double-clicking on the weldment 
icon in the browser or by activating another weldment process. You can also right- 
click on the Machining node and select Finish Edit, or use the Return tool. Re-enter the 
machining mode as needed throughout the weldment design process. 


Exercise 20-7 —_ 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 20-7. 


Access the Weld Bead Report tool to export weld bead information as an .x\s 
spreadsheet file to create a weld bead report. See Figure 20-19. Use a weld bead report 
———— to determine the volume and mass of weld beads and help calculate welding material 
weld bead report: usage and weld times. 


welds added to the The Weld Bead Report dialog box appears when you access the Weld Bead Report 
data on the Inventor tool. Pick the Include All Subassemblies check box to include subassembly weld beads 


pol usedto create in the report. Then pick the Next button to access the Report Location dialog box, 
physical properties, Which allows you to export, or save, the weld bead report as a Microsoft Excel spread- 
such as the length heet fil 

of each weld, sheet file. 

volume, and mass. 


Figure 20-19, 
An example of a weld bead report. 
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Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


Define welding. 
What is a weldment? 
Briefly describe material preparation for welding. 
What is a root opening? 
What is the weld placement, or welding process? 
Briefly describe a fillet weld. 
. Ina weld, what is a leg? 
. Define throat. 
_ 9. Describe a contour. 
10. What are toes? 
11. Define pitch. 
12. Explain the meaning of arrow side and other side. 
13. Explain the appearance and basic function of the reference line. 
14. What is a weld symbol? 
15. What are groove welds? 
16. Briefly describe fill direction. 
17. Describe cosmetic welds. 
18. What is an end fill? 
19. Explain the basic function of weldment machining. 
20. Describe the contents of a weld bead report. 


i 
24 
3. 
4, 
5 
6. 
Z 
8 
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Problems 


1-3 Instructions: 


e Open the specified assembly file and save the file as the given name. Convert the 
assembly to a weldment. Select the appropriate weld bead material during the conver- 
sion. 

e Follow the specific instructions for each problem to create the weldment. 


Meas ] | 1. File: P18-3.ipt 


Save as: P20-1.ipt 

Title: HOUSING ASSEMBLY 

Weld bead material: Welded Steel Mild 

Project: HOUSING 

Save as: P18-3.iam 

Specific Instructions: Place two .12” x .12” chamfer preparations to create the 
bevel-grooves shown. Place one chamfer on the edge of each side of the housing, 
not the housing cover. Add the groove welds with welding symbols shown to each 
side of the housing. 


hg Basico | 2. File: EX19-1.ipt 

4 Save as: P20-2.ipt 
Title: STUDDED HUB 
Weld bead material: Aluminum-6061 
Specific Instructions: Add the fillet welds with the welding symbols shown. 
Notice that the welds are on both sides of the feature. Select the top and bottom 
face of the cylindrical plate as the first selection (two faces total), and then pick the 
large and small cylindrical stud faces as the second selection (12 faces total). 
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3. File: P20-3ASSY.iam 
(This file and its component .ipt files are provided on the Student Web site at 
www.g-wlearning.com/CAD.) 
Save as: P20-3.ipt 
Title: ALIGNMENT BAR 
Weld bead material: Welded Stainless Steel, 440C 
Specific Instructions: Place the four .0625” x .0625” chamfer preparations to create 


the V-grooves shown. Add the cosmetic and fillet welds with welding symbols 
shown. 


h £ Intermediate 


Problem 4 Instructions: 


e Prepare new components for insert or develop components in place to create the 
following weldment. 

Use appropriate sketching techniques and fully constrain sketch geometry. 

Add all necessary assembly constraints. 

Use your own judgment and approximate dimensions when necessary. 

Add as much information as possible to the iProperties dialog box for component and 
assembly files. Assign the specified material and color to parts. 

e Follow the specific instructions for each problem to create the assemblies. 
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hg Advanced | | 4. Title: STAND 
Units: Inch or Metric 
Template: Assembly-IN.iam or Assembly-mm.iam 
Part Number: IAA-109 
Project: STAND 
Material: Steel, Mild 
Color: As Material 
Save as: P20-4.iam 
Specific Instructions: Design a stand weldment similar to the example shown. 


Add preparations, welds, and machined features as required, using your own 
specifications. 
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CHAPTER 


Learning Objectives 


After completing this chapter, you will be able to do the following: 
Create and explode presentation views. 

Edit tweaks and trails. 

Use the Precise View Rotation tool. 

Animate presentations. 


NG NS 


and show how components fit together and interact with other components. You can 
also use a presentation to create an exploded assembly drawing, also known as an 
illustrated parts breakdown. Common presentation applications include illustrating 
instruction manuals, identifying maintenance and assembly procedures, and creating 
assembly animations. Figure 21-1 shows an example of a presentation model. 


Use a presentation file to record design intent, help with assembly visualization, f 


Figure 21-1. 
An example of a presentation model created by referencing and then exploding, or tweaking, 
an assembly model. 


Presentation 


Assembly 


A 


presentation: 
An exploded and 
animated assembly 


. or weldment model. 


` exploded 


assembly 
(illustrated parts 
breakdown): An 
assembly with 
components moved 
away from other 
components in an 


' unassembled or 


ungrouped view, but 
usually maintaining 
alignment. 
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Presentation files carry the extension .ipn. The presentation work environment 
provides tools and options that allow you to create presentation views by referencing, 
exploding, rotating, and animating assembly models. Each presentation file can 
include multiple presentation views to display the model in different configurations. 
For example, you can use different views to display various assembly or disassembly 
options. Each presentation view references the same assembly file. You must use 
another presentation file to create a presentation model of a different assembly. 


a A LO ES PO à “ EELEE RR rs tl OH 


Presentation files only provide a means of displaying assemblies. 
They do not provide the ability to modify component parameters. 
You must edit an assembly or the assembly components to make 
changes to the model. 


Exercise 21-1 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-1. 


Exercise 21-2 a 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-2. 


Ribbon Access the Create View tool to place the initial presentation view using the Select 
i o Assembly dialog box. See Figure 21-2A. Pick the Browse button to locate and select 
an assembly file. Then, if necessary, pick the Options... button to select a design view, 
positional, and level of detail representation using the File Open Options dialog box. 
See Figure 21-2B. 

Select the Public radio button to choose a design view representation stored in the 
assembly file from the drop-down list. Pick the Private radio button to use a design 
view representation in a separate .idv file. The Browse button allows you to locate the 
idv file and then select the design view representation from the drop-down list. Check 
Associative after you select a design view representation to link the design view repre- 
sentation with the presentation, so that changes made to the design view representa- 
tion automatically apply to the presentation. Select a positional representation from 
the Positional Representation drop-down list, and pick a level-of-detail representation 
using the Level of Detail Representation drop-down list. Pick the OK button to return 
to the Select Assembly dialog box. 
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Figure 21-2. 
A—The Select Assembly dialog box. B—The File Open Options dialog box. 
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Pick the Manual radio button to explode assembly components in the presentation reak Inyo ia 
erminology for the 


view using the Tweak Components tool, described later in this chapter. An alternative | process of moving, 


is to select the Automatic radio button to allow Inventor to explode, or tweak, compo- alae le 


nents during view placement. Specify the explosion distance, or tweak distance, using | gimpa amo 
the Distance text box. For example, the cylinder shown in Figure 21-3 has a 1” tweak R 
distance. Check Create Trails to include trails with the automatic explosion. Pick the 


OK button to create the presentation view. 


~ explosion 
distance (tweak 
distance): The 
distance the 
component moves 
from the assembled 
| view during 
explosion. 


Manual explosion is the most common explosion practice. Auto- 
matic explosion tweaks all components the same distance, and 
according to assembly constraints. The result is often not correct, 
especially for large or complex assemblies. 


trails: Lines 
that indicate the 
bond between 
components and 
the assembly by 
displaying the 
distance and 
location of the 
explosion. 


Exercise 21-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-3. 


Figure 21-3. 
An example of 
an automatically 


exploded Ti 
presentation with ral 
a trail to indicate 
the distance and 
direction of travel. 
à Tweak 
a 2 distance 
Assembled Exploded 
Presentation Presentation 
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Exercise 21-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-4. 


If you choose the Manual radio button when you create the view, the model appears 
in the assembled form, and you are responsible for explosion. To explode an unex- 
ploded view automatically, expand the presentation view (Explosion1 by default) in the 
browser, right-click on the assembly file, and select Auto Explode. The Auto Explode 
dialog box appears, as shown in Figure 21-4. 

Specify the tweak distance using the Distance text box and check Create Trails to 
include trails. Then pick the Preview button to display the intended explosion. If the 
preview looks acceptable, pick the OK button to apply the settings and explode the 
assembly. An automatic explosion separates and aligns all the assembly components 
at one time, using a specified distance between the components. Tweaks are specified 
automatically when you automatically explode an assembly in the presentation file. 
When you manually explode an assembly, you tweak individual components from 
other components. . 


Exercise 21-5 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-5. 


Adding Tweaks 


Ribbon Though automatic explosion is sometimes quick and effective, manual explosion 


c— | is often more appropriate and provides greater control and accuracy. In general, apply 


= 


7) 


tweaks in the reverse order of assembly processes. For example, the first tweak should 
be the last process required to create the assembly. Access the Tweak Components tool 

Tweak Components | to tweak components using the Tweak Component dialog box. See Figure 21-5. 
Shorten The Direction button is initially active, allowing you to pick an edge, face, or feature 
a to place a triad that you can use to identify the tweak direction. See Figure 21-6. The 
— highlighted triad axis indicates the axis along which the component moves. Pick a 

tweak direction: 3 . i i 

f The direction in different axis or use the X, Y, or Z button in the Transformations area to change the 


» which exploded i i : i 
SEE nis move. m direction. Use the Direction button as needed to establish a more appropriate 
triad. 


Figure 21-4. 
The Auto Explode 
dialog box. 
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Figure 21-5. Rotational Linear 


The Tweak A Tweak button Tweak button 
Component dialog 
box. Tweak Component 
Create Tweak N 
i Apply 
| >| Direction 
button 
i Components >. 
puch rat gts |: [È ) Edt Existing Trai 
i M)pisplay Trails L mied Only 
. Figure 21-6. 


Selected feature 
Select an edge, face, (triad aligns PE 


or feature, suchas the with cylindrical 
cylindrical feature feature axis) 
shown here, to place 
the direction triad. 
The highlighted 
axis indicates the 
direction of travel. 


Selected direction 


Selecting the The Selected 
Tweak Direction Direction 


The Components button becomes active, allowing you to select the component(s) 
to tweak. A component is preselected if you accessed the Tweak Components tool 
by right-clicking on a component in the browser or graphics window. Select all the 
components to tweak during the same operation. Deselect a component by holding 
down [Ctrl] and picking the component to remove from the tweak. 

Figure 21-7 shows an example of selecting multiple components for the first tweak 
and a single component for the second tweak. In general, the first tweak includes the 
most components, and additional tweaks include fewer and fewer components until 
there are no more components to tweak. Pick the Trail Origin button and select a point 
on the assembly to identify the origin, or beginning, of the trail from which tweaked 
components originate. If you do not specify a trail origin, the trail begins at the selected 
component's center of mass. Select the Display Trail check box to show a trail. 

- The Transformations area controls all other tweak parameters. Pick the Linear Tweak 
radio button to tweak the selected components along the specified axis. See Figure 21-8. 
If you activate the Components button, you can drag the selected components to adjust 
the tweak distance. To apply a precise distance, specify a value in the Tweak Distance 
text box. Pick the Apply button or press [Enter] to create the linear tweak. 

Pick the Rotational Tweak radio button to rotate the selected components around 
the specified axis. You often apply a rotational tweak with a linear tweak to make 
components revolve around and travel along the axis, such as when a nut threads 
onto a bolt. See Figure 21-8. If you activate the Components button, you can drag the 
selected components to adjust the tweak angle. To apply a precise angle, specify a 
value in the Tweak Angle text box. Pick the Apply button or press [Enter] to create the 
rotational tweak. 
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Figure 21-7. 


This example shows 
tweaking a C-clamp 
screw and pin 
together, and then 
applying another 
tweak to explode the 
pin from the screw. 


Assembled First Tweak Second Tweak 


The Triad Only check box is available when you pick the Rotational Tweak radio 
button as an option for rotating the triad without rotating components. This allows 
you to adjust the available axes when the selected direction does not provide an appro- 
priate axis. Drag the triad to adjust the angle, or specify a precise angie in the Tweak 
Angle text box. Pick the Apply button or press [Enter] to rotate the triad. 

When you apply a tweak or triad rotation, the Tweak Component dialog box 
remains open with the same selected direction, components, and trail origin. This is a 
convenient way to continue applying tweaks to the same components. You can adjust 
tweak parameters, such as selecting a different axis, and with the Components button 
active, hold down [Ctrl] to deselect components. Then continue applying tweaks as 
needed. Pick the Clear button to reset the Tweak Component dialog box to start fresh 
when applying additional tweaks. When you are finished, pick the Close button to 
exit. 


Figure 21-8. 
Linear tweaks move items such as the washers and nut along an axis. Rotational tweaks 
show rotation, such as the nut rotating as it threads on the bolt. 
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The Assembly View browser filter option is set as default and displays 
the assembly hierarchy. The presentation view is listed first, followed 
by the assembly file, and then each assembly component. Tweaks 
are listed under specific components. Select the Tweak View browser 
filter option to display a tweak hierarchy, which clearly identifies the 
explosion characteristics of the presentation. The tweak specifica- 
tions used to explode the assembly in each presentation view appear 
first, followed by the assembly and assembly components. 


Exercise 21-6 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-6. 


Editing Tweaks and Trails 


Editing tweaks and trails is a common task. The location of tweak and trail editing 
options depends on the browser filter setting. The Sequence View filter allows you to 
modify tweak sequence parameters that are unavailable when the Assembly View filter 
is active. However, you typically use sequence parameters for animation purposes, as 
described later in this chapter. The following information focuses on general tweak 
and trail modification tools. 

Right-click on a tweaked component in the browser or graphics window to access 
a menu of options for managing tweaks associated with the component. Use the Delete 
Tweaks cascading submenu to delete individual tweaks using the Last option, or 
delete all tweaks using the All option. See Figure 21-9. Pick Add Trail to select points on 


Figure 21-9. 

Right-click on a g 
component and 

use an option from 

the Delete Tweaks 
cascading submenu 

to remove tweaks. 


Presentation with Right-Click and Select 
Two Tweaks Delete Tweaks 
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the component to add tweak trails. Right-click and choose Reselect to pick different 
points. Right-click and select Done to generate the new trails. See Figure 21-10. Pick 
Hide Trails to “turn off” the visibility of tweak trails. 

You can also right-click on a tweak trail in the graphics window to access a menu 
of options for adjusting tweaks and trails. The Hide Trails option is available as previ- 
ously described. Pick Delete to remove the tweak, not just the trail. Use the Visibility 
option to turn off display of visibility of the selected trail. The Edit... option reopens 
the Tweak Component dialog box for editing the selected tweak. 


tweak by double-clicking on a component or component trail. The 
Delete and Visibility options are also available when you right-click 
on a tweak in the browser. 


You can edit a tweak using the Tweak Component dialog box. However, easier 
options are available for adjusting the tweak distance or rotational angle. One option 
is to pick the trail of the tweak and then drag the green dot to the desired location. 
See Figure 21-11A. Another option is to pick a tweak in the browser and adjust the 
distance or angle using the edit box shown in Figure 21-11B. 


Exercise 21-7 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-7. 


Figure 21-10. 

An example of 
adding trails toa 
tweak for better 
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Figure 21-11. 


A—Dragging a — i 
component to change oes 
green dot 


the tweak distance. 
B—Using the text box 
to modify a tweak 


amount. This figure iti ga ica Select 
also shows the filter Assembly 
options available for =| View 
adjusting the display 
and organization of 
items in the browser. eee 
ick a 
tweak 
Modify the 
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box 


The presentation environment contains view tools for modeling and for setting [f camera view: The 
the camera view. It also includes the Precise View Rotation tool that allows you to orbit f Perret o 
the view by an incremental value, such as 10° clockwise. The Incremental View Rotate itemise tea 
dialog box appears when you access the Precise View Rotation tool. See Figure 21-12. § tochange during 

Specify the angle of rotation using the Increment text box. Then pick the appro- — animation. 
priate rotate buttons to rotate the view. Each time you select a rotate button, the view FPeteusne, 
rotates according to the specified direction and increment. Pick the Reset button to | >Sreate 


return to the original view. Pick the OK button to exit. (oF, 


Ribbon 


; Precise View 
Rotation 


Shortcut 


Precise View 
j Rotation... 


After you define a specific presentation camera view using the 
Precise View Rotation tool, right-click and select Save Camera to 
save the current presentation view display. 


Figure 21-12. 


Rotate Roll Roll 
The Incremental Right Counter- Clockwise 
View Rotate dialog clockwise 
box has buttons to 
control the direction lie émental View Rotate 


of view rotation 
and an Increment 
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the amount of view 
rotation. 
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Animate a presentation view to show how components fit together or to display 
product assembly and disassembly characteristics. Common animation applications 
include maintenance and assembly manuals and general design review requirements. 
The Animate tool allows you to define, play, and record a presentation view animation. 
The options in the Sequence View browser provide another way to define and view 
an animation, but these options do not provide the advanced animation functions, 
including recording, that are available with the Animate tool. Often you will use both 
the Sequence View browser and the Animate tool to prepare an animation. 


Browser Sequence Views 


Pick the Sequence View browser filter option to help develop sequence and task 
specifications, especially for animating presentation views. Tasks describe how groups 
of components function in the animation, and sequences describe how each compo- 
nent functions in reference to other components during the animation. For example, 
Figure 21-13 showsa presentation with two tasks. The first task includes three sequences. 
The first sequence aligns the washer with the bolt shaft, the second sequence aligns 
the lock washer with the bolt shaft, and the third sequence aligns the nut with the bolt 
shaft. The second task also contains three sequences, which assemble the washer, lock 
washer, and nut with the threaded eyebolt shaft as specified with tweaks. 


Although the presentation in Figure 21-13 contains two tasks, you 
can place all sequences in one task. The sequences are not sepa- 
rate, as evidenced by the sequence numbers 1-6. You typically use 
multiple tasks for larger assembly presentations, such as when 
animating distinct components or subassemblies. 


The key to effective animation is to manage tweaks, tasks, and sequences. To view 
the effects of a task or sequence, right-click on the task or sequence in the browser, 
and select Edit... to display the Edit Task & Sequences dialog box. See Figure 21-14. If 
necessary, select a different task to edit using the Task drop-down list and a different 


Figure 21-13. 
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Figure 21-14. 


The Edit Task & sc dee Ble ~~ 
Sequences dialog button 
box. = = | |jf:%T scree 
Sequence 
Play Forward 
button 


| Sequence! 


Description : 


— 
= 


Interval 
— 


sequence to edit using the Sequence drop-down list. Enter a description of the anima- 
tion task or sequence in the corresponding Description area. Descriptions typically 
clarify the process for future task and sequence editing reference. To observe the task 
or sequence, pick the task or sequence Play Forward button. Pick the Reset button to 
return to the exploded view. 

You can also use the Edit Task & Sequences dialog box to specify the sequence 
interval and sequence camera view. The lower the value you specify in the Interval 
text box, the faster the playing speed. When you define a sequence camera view and 
then animate the presentation, the display automatically zooms in or out and rotates 
according to the specified camera view. To create a sequence camera view, rotate and 
zoom the presentation using viewing tools, including the Precise View Rotation tool. 
Then pick the Set Camera button to create the sequence camera view. Pick the Apply 
button to apply changes, and then continue working with the dialog box, or pick the 
OK button to exit. 

To create a new task, right-click on the presentation view in the browser and 
select Create Task. Once the new task is present, you can add sequences by creating 
additional tweaks or by dragging existing sequences into the new task. To create a 
new sequence if a sequence contains more than one tweak, right-click on a tweak and 
select New Sequence. The new sequence becomes the first sequence of the first task 
and includes the specified tweak. As a result, the original sequence loses the tweak 
assigned to the new sequence. 

Modifying sequence order is one of the most useful purposes of the Sequence 
View browser filter option, which allows you to redefine animation operations. To 
edit sequencing, drag the sequence above or below another sequence, depending on 
the requirement. For example, if a washer that should be assembled after a washer 
is Sequence1 and a lock washer that should be assembled before the lock washer is 
Sequence2, drag Sequence2 above Sequencet. In this example, Sequence2 becomes 
Sequence1. To group sequences so that the tweaks of two or more sequences occur at 
the same time, hold down [Ctrl] and select each of the sequences to group. Then right- 
click and select Group Sequence. A common application for grouping sequences is a 
component with linear and rotational tweaks that rotates and moves along the axis at 
the same time. 


Exercise 21-8 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-8. 
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Animate Tool 


Access the Animate tool to animate a presentation using the Animation dialog box. See 
Figure 21-15. Pick the More button to set the animation sequence using the options in the 
Animation Sequence area. Sequence numbers represent the order in which the components 
and corresponding tweaks animate. Pick a sequence to highlight the corresponding tweak 
trail in the graphics window. Components with the same sequence number indicate a task 
and animate together during the sequence. To separate sequences, select the sequences and 
pick the Ungroup button. To combine sequences, select the sequences and pick the Group 
button. Use the Move Up and Move Down buttons to change sequencing. 

Once you set appropriate animation sequencing, you are ready to animate the 
presentation. Use the Interval text box to specify the sequence interval. The default 
animation repetition of 1 allows you to view the assembly or disassembly animation 
one time. Specify the number of repetitions using the Repetitions text box. 


After you modify animation parameters such as sequence settings, 
interval, or repetition, you must pick the Apply button before you 
can set the animation in motion. 


Animating 


The Motion area allows you to play and record the animation. Pick the Forward By 
Tweak button to move the animation forward by one tweak, and pick the Reverse By 
Tweak button to move the animation back by one tweak. Select the Forward By Interval 
button to advance the animation forward by one interval step, and select the Reverse 
By Interval button to move the animation back by one interval step. 

Pick the Play Forward button to play the entire animation forward, and pick the 
Play Reverse button to play the animation in reverse. The Auto Reverse button allows 
you to play the animation forward, then after the forward cycle ends, automatically 
play the animation in reverse. You can move an animation in reverse only if you have 
advanced the animation forward. Use the Pause button to stop the animation. 


Figure 21-15. 
The Animation 
dialog box. 
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Recording and Finalizing 


Pick the Record button to record the animation as an animation file. The Save As 
dialog box appears, allowing you to specify a location for the animation file. You can 
also choose the file format by selecting AVI or WMV from the Save as type: drop-down 
list. An additional dialog box appears, allowing you to specify animation file param- 
eters. When you return to the Animation dialog box, pick the Minimize dialog during 
recording check box to minimize the Animation dialog box while you are recording the 
animation so that it does not appear in the animation. 

Pick the Reset button to reset the animation and return the presentation view to its 
original display. When you are finished, pick the Cancel button to exit the Animate tool. 


Exercise 21-9 —_- 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-9. 


A presentation file can contain as many presentation views of the same assembly 
as needed. Typically, additional presentation views allow you to display different views 
of the assembly and create different types of animations. For example, you can show 
an assembly with unique component colors, or with some components suppressed. 
Another example is displaying an animation of an alternative assembly technique. 

Access the Create View tool to place an additional presentation view using the 
Select Assembly dialog box. The File drop-down list and file Browse button are 
unavailable, because the assembly file used for the presentation was defined when 
you created the initial presentation view. You can pick the Options... button to select a 
design view, positional, and level of detail representation using the File Open Options 
dialog box. You also have the option of exploding the new view. 

The active presentation view appears in the graphics window. Inactive views are 
shaded in the browser. To activate a different view, right-click on an inactivated view 
and select the Activate menu option, or double-click on the view name in the browser. 
As with other Inventor applications, you may find it helpful to rename presentation 
views in the browser. 


Predefined assembly representation views can be very useful for 
creating additional presentation views. Right-click on an item in 
the browser or the graphics window and select Restore Camera to 
return the presentation view display to the previously saved camera 
view. Pick Save Camera to set the display as the default view, which 
allows you to identify the desired position and zoomed display of | 
the presentation view. You can then return to the saved view if you | 
make modifications, such as orbiting or zooming. 


Exercise 21-10 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 21-10. 
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» Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


What is a presentation? 

Describe an exploded assembly. 

Identify the type of file from which an initial presentation view must be devel- 
oped, and explain the reason. 

What does exploding an assembly in the presentation environment allow you to see? 


. Define tweaking. 

. Describe the explosion distance. 

. What are trails? 

. What is the tweak direction? 

. Explain the meaning of the term camera view. 

. In what ways can an animation be useful? 

. Describe the basic function of the Animate tool. 
. What is a task in an animation? 

. Define sequence. 


Briefly explain the key to effective animation. 

Why is it a good idea to enter a description of the animation task or sequence in 
the corresponding Description area? 

What is a sequence interval? 

What are sequence numbers? 

Define animation repetition. 

How many views can a presentation file contain? 


- What tool do you use to place an additional presentation view into a presentation 


file? 
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Problems 


Instructions: 


e Begin a new presentation file for each problem and create an initial presentation view 
using the specified assembly. 

e Explode and animate the initial presentation view. 

e Create at least one more presentation view. 

e Explode, manipulate, and animate the additional presentation views so they differ 
from the initial view. 

e Add as much information as possible to the iProperties dialog box for component and 
assembly files. Assign the specified material and color to parts. 


Note: Level of difficulty may vary depending on number and complexity of additional presenta- 
tion views. 


1. Title: PUSH PIN 
Units: Inch 
Template: Presentation-IN.ipn 
Part Number: |AA-004 
Project: PUSH PIN 
Assembly File: P17-3.iam 
Save as: P21-1.ipn 


2. Title: BOTTLE ASSEMBLY 
Units: Inch or Metric 
Template: Presentation-IN.ipn or Presentation-mm.ipn 
Part Number: IAA-014 
Project: BOTTLE 
Assembly File: P17-4.iam 
Save as: P21-2.ipn 


3. Title: FORK 
Units: Metric 
Template: Presentation-mm.ipn 
Part Number: IAA-025 
Project: FORK 
Assembly File: P18-2.iam 
Save as: P21-3.ipn 


4. Title: HOUSING ASSEMBLY 
Units: Inch 
Template: Presentation-IN.ipn 
Part Number: IAA-039 
Project: HOUSING 
. Assembly File: P18-3.iam 
Save as: P21-4.ipn 


5. Title: WATCH BAND CLASP ET intermediate! 
Units: Inch or Metric E 
Template: Presentation-IN.ipn or Presentation-mm.ipn 
Part Number: IAA-103 
Project: WRIST WATCH 
Assembly File: P17-6.iam 
Save as: P21-5.ipn 
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. Title: ROTATING HINGE ASSEMBLY 


Units: Inch or Metric 

Template: Presentation-IN.ipn or Presentation-mm.ipn 
Part Number: IAA-042 

Project: ROTATING HINGE ASSEMBLY 

Assembly File: P18-4.iam 

Save as: P21-6.ipn 


. Title: SHOCK ABSORBER 


Units: Inch or Metric 

Template: Presentation-IN.ipn or Presentation-mm.ipn 
Part Number: |AA-106-001-01 

Project: UTILITY VEHICLE 

Assembly File: P19-4.iam 

Save as: P21-7.ipn 


. Title: SHOCK ABSORB SYSTEM 


Units: Inch or Metric 

Template: Assembly-IN.iam or Assembly-mm.iam 
Part Number: |AA-106-001 

Project: UTILITY VEHICLE 

Assembly File: P19-5.iam 

Save as: P21-8.ipn 


. Title: DISPENSER 


Units: Inch or Metric 

Template: Assembly-IN.iam or Assembly-mm.iam 
Part Number: IAA-107 

Project: DISPENSER 

Assembly File: P19-6.iam 

Save as: P21-9.ipn 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Describe methods of beginning and developing drawings. 
Apply correct ASME drafting standards. 

Create multiview drawings and auxiliary views. 

Extract section, broken-out section, and detail views. 
Draw conventional breaks and sketched views. 

Create and use sheet formats. 


eee 


Inventor combines 3D solid modeling with 2D drawing capabilities. You can create 
part, assembly, and weldment drawings from existing models. Figure 22-1 shows an 
example of a 2D part drawing created by referencing a 3D part model. When you 
edit a model, the corresponding drawing adjusts to reflect the new design. You can 
also edit a model by modifying parametric model dimensions inside a drawing. This 
chapter introduces drawing with Inventor and explores part drawing views. You will 
apply many of the same tools and options described in this chapter when developing 
assembly, weldment, and multiple sheet drawings. 


Inventor drawing tools and options allow you to create detail drawings by refer- 
encing part models. Common detail drawing applications include monodetail and 
multidetail drawings. 

Inventor drawing files carry the extension .idw. AutoCAD drawing files carry 
the extension .dwg. You can prepare a drawing in Inventor using an .idw or .dwg file. 
The Inventor .idw and .dwg work environments are identical, but the .dwg format is for 
direct use in AutoCAD. This textbook focuses on using .idw files. 

This textbook approaches drawing using the following steps: open a template 
with a blank sheet, specify sheet parameters, add a border and title block, place views, 
and add annotations. You can use a variation of this approach or apply a different 
method as appropriate. Inventor also offers the flexibility to make changes to existing 
drawings, such as selecting a different view scale or sheet size. 


_ detail drawings: 


2D drawings of 


individual parts 


containing all the 
views, dimensions, 
and specifications 


_ necessary to 
- Manufacture the part. 


l monodetail 
_ drawing: A drawing 


of a single part on 


: one sheet. 


multidetail 
drawing: A drawing 


_ of several parts on 


one sheet. 


_ sheet: The base on 
© which a drawing is 

» created; represents 
: the physical limits of 


the drawing area, or 


' the paper size. 


' annotation: Letters, 


numbers, words, 


: and notes used to 


describe information 
on a drawing. 
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Figure 22-1. 
An example of a two-dimensional drawing created by referencing a three-dimensional model. 
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2D Drawing 


Exercise 22-1 p aayan 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-1. 


Drawing Standards 


The active drawing standard includes settings and references styles that control 
the default appearance of drawing views and annotations. For example, layer defaults 
determine the default color, linetype, line weight, and visibility of objects. Other 
examples include text styles, which set the default appearance of text, and dimension 
styles, which control the default display of dimensions. Each style includes multiple 
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variables. Many styles reference other styles or sub-styles for certain information. For 
example, a dimension style references a text style for dimension text characteristics. 
Every drawing object references an object default that establishes the style and layer 
for the object. For example, center marks reference the Center Mark object default, 
which is assigned a Center Mark style and appropriate layer. 
The Style and Standard Editor is the primary resource for observing and modifying EEA 
the characteristics of existing standards and styles and for creating and importing new ae ae and 
standards and styles. See Figure 22-2. Review the Style and Standard Editor to become | Standards 


familiar with the vast number of options. However, creating your own standards is a p i 
complex and time-consuming process. As a result, this textbook provides predefined 
template files with standards set according to the American Society of Mechanical ! 
Engineers (ASME) national standards. These templates allow you to start preparing 
drawings immediately, using appropriate drafting standards. 


A eiior 


A proper standard automates the drawing process by presetting 
how objects should appear on drawings. However, you can apply 
overrides when necessary to adjust the display of specific items. An 
example of a common override is changing the default precision of 
a dimension to specify a different tolerance. 


Figure 22-2. 
The Style and Standard Editor is the primary tool for controlling the drawing standard and 
the styles that the standard references. 
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Provided Templates 


Drawing templates should include appropriate standards, borders, title blocks, 
general notes, and other drawing elements that remain constant or require slight 
modification from one drawing to another. Preparing your own drawing templates 
often requires significant time and effort because of the multitude of standard and 
style settings and the complexity of borders and title blocks. As a result, this textbook 
provides predefined drawing templates that comply with the following standards: 

e ASME Y14.1 Decimal Inch Drawing Sheet Size and Format 
ASME Y14.1M Metric Drawing Sheet Size and Format 
ASME Y14.2M Line Conventions and Lettering 
ASME Y14.3M Multiview and Sectional View Drawings 
ASME Y14.5M Dimensioning and Tolerancing 
ASME Y14.35M Revision of Engineering Drawings and Associated Documents 
When you enter the drafting and design workforce, you will use existing company 
templates, or you may need to create or modify templates. Research and explore 
the modification of standards and other template components to meet your own 
requirements. 


| Options in the Drawing tab of the Application Options dialog box 
also affect drawing appearance and the function of drawing stan- 
dards. The default settings are appropriate for most applications. 


Exercise 22-2 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-2. 


Exercise 22-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-3. 


A drawing sheet represents the piece of paper, or sheet, that displays all the 
drawing content, including a border, title block, views, and annotations. A drawing 
file can include multiple sheets, which provides the option to group related drawings 
in a single file. For example, you can prepare a file with an assembly drawing and all 
associated component drawings. A single sheet named SHEET:1 is available in the 
Drawing-IN.idw and Drawing-mm.idw templates. 

To confirm sheet parameters, or to edit a sheet in preparation for drawing, right- 
click a sheet in the browser and select Edit Sheet... to access the Edit Sheet dialog box. 
See Figure 22-3. You can use the Name text box to rename the sheet to something more 
descriptive, such as a part number or the title of the drawing. A number follows the 
sheet name of included sheets, according to the order of sheets in the drawing. Use 
the Size drop-down list to select the sheet size. To define your own sheet size, select 
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Figure 22-3. 
Use the Edit Sheet dialog box to select a sheet size and adjust other sheet parameters. 
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Enter an 


appropriate name 
for the sheet 


Set the paper 
orientation and 
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Custom Size (inches) or Custom Size (mm) and then specify the height and width 
using the Height and Width text box. 

Use the Revision text box to specify the drawing revision number or level. Pick the 
Portrait radio button to apply a portrait, or vertical, sheet orientation. Select the Landscape 
radio button to apply a landscape, or horizontal, sheet orientation. Title block orienta- 
tion radio buttons are available after you insert a title block, and allow you to override 
the default location of the title block in reference to the border. Check Exclude from 
count to exclude the sheet from the count of sheets in the drawing, eliminating the 
sheet number. Check Exclude from printing if you do not want to print or plot the sheet 
with other sheets. Pick the OK button to complete the sheet edit. 


LEN ae i E AI A 7 Bas D 


The Sheet tab in the Document Settings dialog box provides options 
for adjusting the default sheet name and sheet display colors. 


Adding a Border 


A border is sketch geometry that has been saved as a border definition and stored 
in the Borders folder of the Drawing Resources folder in the browser. See Figure 22-4. The 
Drawing-IN.idw and Drawing-mm.idw templates include ASME standard borders, specific 
to sheet size, appropriate for use throughout this textbook. You can insert a border 
found in the Borders folder by double-clicking on the border, or except for the Default 
Border, by right-clicking on the border and selecting Insert. 

The border adjusts when you make changes to the sheet size. However, if you parya 
use a border specific to a sheet size, the adjusted border will probably be incorrect. 
Before you can insert a different border, you must delete the existing border. To delete | TZ 
the border, select the border and press [Delete], or right-click on the border and select | 
Delete. 


Inventor includes Border and Zone Border tools for creating new 
borders. The Zone Border tool automates the process of creating 
a border with zoning. Borders are sketch geometry created using 
sketch tools, most of which are identical to those available for 
sketching model geometry. 


Shortcut 
Define New i 
_ Zone Border... 
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Adding a Title Block 


A title block is sketch geometry saved as a title block definition and stored in the 
Title Blocks folder of the Drawing Resources folder in the browser. See Figure 22-4. 
The title block contains information about the model, company, drafter, tolerances, 
and other design and documentation information. The Drawing-IN.idw and Drawing- 
mm.idw templates include a unit-specific ASME standard title block appropriate for use 
throughout this textbook. Much of the text in the provided title blocks uses property 
fields to extract properties from the model, drawing, or sheet. 

Model property fields reference entries in the iProperties dialog box associated 
with the base view model. This is appropriate for properties such as title and part 
number that are typically the same in the model and drawing. Drawing property fields 
reference the values you enter in the iProperties dialog box for the drawing. Sheet 
properties are items specified in the drawing browser, such as sheet size and number 
and the total number of sheets. The provided templates also include prompted entry 
fields that allow you to enter values that are not extracted from a model, drawing, or 
sheet. Respond to prompted entries when you insert the title block using the Prompted 
Text dialog box, shown in Figure 22-5A, or edit the values later. 

You can insert a title block found in the Title Blocks folder by double-clicking on 
the title block or by right-clicking on the title block and selecting Insert. The title block 
is automatically placed at the specified corner of the border. To edit property field text, 
access the source of the properties, such as the iProperties dialog box in the model or 
drawing. To edit prompted or custom field text, double-click on Field Text consumed 
by the title block in the browser, or right-click and select Edit Field Text..., to access the 
Edit Property Fields dialog box. See Figure 22-5B. To delete the title block, as necessary 
to insert a different title block, select the title block and press [Delete], or right-click on 
the title block and select Delete. 


Figure 22-4. 

The provided Drawing-IN.idw and Drawing-mm.idw templates include borders, title blocks, and 
general notes appropriate for most drawing applications using ASME standards. This figure 
shows using the Drawing-IN.idw template. 


Zoning Border center marks 


Editable field text 
found in title block 


General notes Title block 
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Figure 22-5. 

A—The Prompted Text dialog box appears when you insert a title block that includes 
prompted text fields. B—Edit prompted or custom text fields using the Edit Property Fields 
dialog box. You must use fields extracted from model or drawing iProperties in the model or 
the drawing iProperties dialog box. 


Enter a value Enter a value 


SHEET NTEEBLOCK-IN:Próinpted Tets x Edit Property Fields 


FINISH 


| | TITLE 
| CHECKED BY 
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Sheet Size 
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the corresponding model and sheet. If you correctly assign iProper- 
ties toa model and arrange sheets in the correct order in the drawing 
browser, title block cells should fill automatically when you create 
sheets and insert a base view. 


Inventor includes a Title Block tool for creating new title blocks. Title 
blocks are sketch geometry created using sketch tools, most of which 
are identical to those available when sketching model geometry. 


General Notes 


The Drawing-IN.idw and Drawing-mm.idw templates include two general notes that Į general notes: 
< Notes that apply to 


are common to most drawings. Refer again to Figure 22-4. The notes are created using f the entire drawing, 


the Text tool, allows you to save the notes with the template and edit the list of notes f anna 


as needed. However, positioning text created using the Text tool is not ideal. You are yl al 
sucn as the lower- 


responsible for dragging the notes to approximately .5” (13 mm) away from the border F eft or upper-right 


or title block. Chapter 23 covers using the Text tool. peal IL 
_ or near the title 


block. 


Ribbon 


In the drawing environment, use view, measure, and other common 
tools and options just as you would use the tools and options in a 
model, but remember that you are working in a 2D environment. 


Exercise 22-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-4. 
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Exercise 22-5 ~ 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-5. 


Access the Base View tool to create a base view using the Drawing View dialog box. 
See Figure 22-6. Use the options in the Component tab, shown in Figure 22-6, to select 
| a model file to reference to create the view. You can select a currently open file from 
the File drop-down list. To reference a model that is not open, pick the Browse button 
to locate and select the file. The file should appear in the File drop-down list. 

Shortt The content of the Component tab varies depending on the model you select. 
When you select a sheet metal part, the Sheet Metal View area appears, allowing you 
_baseview:The to pick the appropriate radio button to create a folded part or flat pattern view. See 
M ENN Sa Figure 22-7. Sheet metal part drawings sometimes show folded part views and a flat 
create other viewsif pattern. See Figure 22-8. This technique requires using the Base View tool twice to 
y. 

add a folded and flat view. Apply a similar technique to create a multidetail drawing. 
The Component tab includes additional options when placing a view of an assembly, 
weldment, or presentation model. 

Options in the Model State tab become enabled when you place an assembly or 
weldment view, as described in Chapter 24, or when you reference an iPart or iAssembly. 
The Display Options tab, shown in Figure 22-9, contains multiple check boxes corre- 
sponding to items that may be found in the selected model, and that you can display in 


Place Views 
> Create 


Figure 22-6. 
Using the Drawing View dialog box to place the initial drawing view, a front view. 
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Figure 22-7. 
The Sheet Metal View area on the Component tab of the Drawing View dialog box. 
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Figure 22-8. 
An example of a drawing that requires two base views to show a folded part and a flat 
pattern. Additional views are projected from the folded part base view. 
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multiview drawing: 
2D views of an 
object projected onto 
planes of projection; 
represents the shape 
of the object in two or 
more views. 


front view: The 
view that provides 
the best shape 
description and 
most characteristic 

= contours, has the 

_ longest dimension, 
has the fewest 
hidden features, and 
is the most stable 
and natural position. 


A 


Figure 22-9. 
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the base view. For example, check All Model Dimensions to extract and display model 
dimensions planar to the base view. If a check box is disabled, the model does not 
include the item. The View Justification and Section Standard Parts drop-down lists 
allow you to override the default position of the base view and standard part sectioning 
in the base view, as specified in the Drawing tab of the Options dialog box. 


The Foreshortened check box becomes enabled when you check 
Tangent Edges, allowing you to shorten tangent edges to differ- 
entiate them from other objects. Displaying tangent edges is not 
common drafting practice. 


Orientation 


The Orientation area allows you to select the base view orientation, or projec- 
tion. Several common views are available, such as Front (XY) and Top. By default, the 
preview of the view in the graphics window changes to reflect the view selection. For 
a typical multiview drawing, display the front view as the base view. You can then 
project additional views as needed. 

Develop models according to drawing views when possible. This means that 
when you pick the Front (XY) orientation option, for example, the correct front view 
of the model appears in the drawing. However, creating a model that corresponds to 
specific drawing views can be difficult, especially for complex or significantly rede- 
signed models. As a result, you may have to select an alternative base view orienta- 


# tion in order to achieve the correct drawing view. For example, pick the Right or Top 


orientation option to create the correct front view. The alternative is to redefine model 
sketches or recreate model geometry, which can be time-consuming. 

If none of the available views are appropriate, pick the Custom View button to 
open the Custom View window, shown in Figure 22-10. Standard viewing tools are 
available to adjust the model view as needed. The most common application involves 


| using tools such as View Cube, Orbit, or View Face to display a specific orthographic 
| view. You also have the option of changing the projection mode from Orthographic to 


Perspective to create a perspective view. See Figure 22-11. 
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Figure 22-10. 
The Custom View window provides view tools for creating a view when none of the default 
views is acceptable. 


Custom 
view tools 


Figure 22-11. 
Creating a 
perspective view 
using rotate tools 
and the Perspective 
view mode. 


Orthographic Perspective 


The Rotate at Angle tool allows you to use the Incremental View Rotate dialog [XE 


box to orbit the view by an incremental value, such as 10° clockwise. This is the same “SNavigate se 


ara os ARE 


dialog box that is available when you use the Precise View Rotation tool in the presen- | 
tation work environment. When you are satisfied with the custom view display, pick wj o 
the Finish Custom View button on the Exit panel of the Custom View ribbon tab. Rotate at Angle | 


Scale and Label 


Select a suitable view scale from the Scale flyout or enter a different scale in the 
text box. The Scale from Base check box is unavailable because a base view is not 
dependent on another view. Use the View Identifier text box to change the view name 
that appears in the browser and with the view label, if used. For most views, the default 
name is acceptable. Use the Toggle Label Visibility button to display the view name and 
scale with the view, but this practice is not necessary for most views. If you do require 
the label, you can pick the Edit View Label button to make changes to the default label 
using the Format Text dialog box. 


_ dependent view: 
< A view projected 
from and linked to 
another view, such 
as a base view. 
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Style and Finalizing 


Use the Style area to specify the style of view geometry. Pick the Hidden Line 
button to display the view with hidden lines, which is suitable for typical multiview 
drawing. Pick the Hidden Line Removed button to remove hidden lines, or select the 
Shaded button to shade the view. These options are most appropriate when you are 
creating an isometric or similar view. The Style from Base check box is unavailable 
because the base view is not dependent on another view. To place the base view, pick 
a location in the graphics window or select the OK button. 


Exercise 22-6 a 


Ae Acces the Student eb se war garing serGAD) and 
a. § complete Exercise 22-6. 


Exercise 22-7 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-7. 


prijatie Access the Projected View tool to create standard orthographic or isometric projec- 
view: view, or . : . . 

projection, in which tions from a base or dependent view. Select a view if you have not already, and move 
the line of sightis the cursor to preview projection options. When you see the correct projection in the 
perpendicular to a s i ; J z É ae 7 4 7 
surface, suchasthe appropriate location, pick to locate the view. Continue picking projected view locations, 


foxy pang"? including isometric views, as needed. When you are satisfied with the number of projec- 


isometric view: a tins, right-click and select Create to generate the views and exit. See Figure 22-12. 
3D view in which all 
three axes appear at 
equal (120°) angles z 
with the plane of Figure 22-12. 

projection. You can use the Projected View tool to place all additional standard orthographic and 


isometric views in a single operation. 


Picking Views Final Projections 
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Often you can place all additional orthographic and isometric 
views using a single Projected View tool operation. However, you 
can use the Projected View tool whenever you need it throughout 
the drawing process. 


Basic View Adjustment 


Drawing views reference model geometry, the active drawing standard, and settings 
you specify when you create the views. You can open a model to make changes from 
inside the drawing by right-clicking on a view in the browser or graphics window and 
selecting Open. To make a change to a view using options in the Drawing View dialog 
box, right-click on a view in the browser or graphics window and select Edit View.... This 
_ allows you to change base view parameters, but is also commonly used to adjust views 
that were not placed using the Drawing View dialog box, such as projected views. Use 
the dialog box to make changes such as choosing a different style or controlling display 
options. For example, you can assign a Shaded style to a projected isometric view. 


You can view and adjust basic properties of model content from within 
a drawing by expanding a view to display the model. Right-click on | 
model features and pick Properties... to access basic properties. 


Moving Views 


Moving views is often necessary to create correct drawing layout and space 
between views. Base views are free to move anywhere in 2D space, but by default, you 
have limited ability to move other views, according to the link between views or view 
geometry. To move a view, hover the cursor over the view boundary until you see the 
view boundary cursor. Then hold down the left mouse button, drag the view to the 
desired location, and release the left mouse button. See Figure 22-13. 


Figure 22-13. 
Moving a drawing 
view. 


View alignment 
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drag to move view 
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View Alignment 


Alignment constraints form by default between most parent views and depen- 
dent views, limiting the movement of dependent views. This is appropriate for most 
applications to maintain correct alignment between views. For example, orthographic 
projections remain horizontal or vertical to a base view even if you move views. When 
direct alignment is not possible because of view layout or sheet requirements, you can 
create a removed view using the Break Alignment tool. Inventor automatically creates a 
viewing-plane line and labels the broken alignment view. Right-click on the label and 
select Edit View Label to edit the label using the Format Text dialog box. For example, 
you might need to remove the scale reference. 

You have the option of establishing alignment if no alignment exists, or when 
correct alignment does not apply. If alignment constraints already exist, you must first 
break the alignment as described. Then establish new alignment between views, one 
of which is usually a base or primary view. Use the Horizontal Alignment tool to hori- 
zontally align two selected views. Access the Vertical Alignment tool to vertically align 
two selected views. The In Position alignment tool allows you to create an alignment 
constraint that is neither vertical nor horizontal, which is the alignment applied by 
default to isometric view projections 
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Deleting Views 


To delete a view, pick the view in the browser or the view boundary in the graphics 
window and press [Delete], or right-click on the view and select Delete. An alert box 
confirms the deletion. If you attempt to delete a view that other views reference, such 
as a base view, or depend on, such as projected views, the alert box allows you to 
choose whether dependent views are also deleted. Pick the More button to display a 
list of dependent views. The default Yes option deletes dependent views. Pick Yes and 
it changes to No, preventing removal of dependent views. 


Rotating Views 


Right-click on a view in the browser or graphics window and select Rotate to rotate a 


in Positio 
ee pes view using the Rotate View dialog box. See Figure 22-14. The Edge option, available from 
the drop-down list, rotates the view by aligning a selected edge horizontally or vertically 


+ >In Position 


according to the selected Horizontal or Vertical radio button. The Absolute Angle and 
Relative Angle options, available from the drop-down list, rotate the view to an angle 
specified in the Angle text box. The Absolute Angle option rotates the view according 
to the sheet’s coordinate system. The Relative Angle option rotates the view from the 
current orientation of the view. Use the Counterclockwise button to rotate the view 
counterclockwise, or the Clockwise button to rotate the view clockwise. Pick the OK 
button to exit. 


Figure 22-14. 
Use the Rotate View dialog box to rotate a view using an edge or an angle. 
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The position of annotations, such as dimensions, automatically adjusts 
to remain associated to view geometry when you rotate a view. 


Selecting Objects 


Drawing requires that you select objects, much like the selections required while 
sketching and modeling. For example, you must select objects to dimension, or you 
may want to turn off object visibility. Select single objects using the cursor. Use the 
Select Other tool to cycle through and select the appropriate object. Hover the cursor 
over objects until you see the Select Other tool. To select multiple objects, hold down 
[Ctrl] or use window or crossing selection. 


Exercise 22-8 —— 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-8. 


Access the Auxiliary View tool to project an auxiliary view from an existing view 
onto the auxiliary plane. Select a view, if you have not already, to display the Auxiliary View 
dialog box. See Figure 22-15. Specify the view identifier and scale using the corre- 
sponding text boxes. Use the Toggle Label Visibility button to display the view label, 
and use the Edit View Label button to make changes to the default label. Specify the 
style of view geometry in the Style area. 


Figure 22-15. 
Using the Auxiliary View tool to create an auxiliary view. 
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auxiliary view: A 
view that shows 

the true size and 
shape of an inclined 
surface that is not 
parallel to any of 
the projected views, 
including the front, 
top, bottom, left- 
side, right-side, and 

. back views. 


Create View “| 
> Auxiliary View... | 
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partial auxiliary 
view: A view that 
shows the true size 
and shape of only 
the inclined surface, 
eliminating any 
projected geometry 
that may be 

. foreshortened. 
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Check Definition in Base View only if you want to add a viewing-plane line. Typi- 
cally, a viewing-plane line is necessary only when you break alignment and remove 
the auxiliary view, as shown in Figure 22-16. Deselect the Definition in Base View 
check box for most applications. Inventor automatically creates a viewing plane line 
and labels the broken alignment view. Next, pick the edge of the surface from which 
the auxiliary view projects, and move the cursor to preview the auxiliary view. When 
you see the correct projection in the appropriate location, pick in the graphics window 
or select the OK button to place the auxiliary view. 


You can redefine the edge from which the auxiliary view is projected 
without deleting and recreating the auxiliary view. Right-click on 
the auxiliary view in the browser or graphics window and select 
Realign auxiliary views. Pick an edge, and then pick the location of 
the auxiliary view. 


Partial Auxiliary Views 


There are no tools that allow you to create a partial auxiliary view directly, unless 
you create an auxiliary view section. To create a partial auxiliary view, right-click on 
the objects to hide and deselect Visibility. See Figure 22-16A. Turn off the visibility of 
all foreshortened and hidden geometry until you achieve the correct partial auxiliary 
view. See Figure 22-16B. 


You can turn off the visibility of most objects in all types of views, 
not just auxiliary views. 


Figure 22-16. 

A—An example of breaking the alignment between a base view and an auxiliary view when 
space is limited. Inventor automatically places a viewing-plane line and label as required. 
Edit the label to remove the scale reference. B—An example of a partial auxiliary view 
created by turning off the visibility of foreshortened objects. 
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Exercise 22-9 » S 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-9, 


Ribbon 
Place Views 


Use the Section View tool to create a section view projected from a cutting plane 
through an existing view. Select a view if you have not already, and then pick points 
to construct a cutting-plane line. The technique for creating a cutting-plane line is SESE 
similar to sketching a line. When you are finished, right-click and select Continue to 
display the Section View dialog box. See Figure 22-17. 


section view 
(sectional view, 
section): A view 
i oe that exposes the 
Figure 22-17. interior features of a 


A—Select the view from which to project the section view, and then pick points to construct component, typically 


the cutting-plane line (full section shown). Infer geometric constraints and use point | feos cree aie 


alignment to locate points. B—Right-click and select Continue to finish the cutting-plane line. É you to dimension 
C—Use the Section View tool to finalize a full section. D—A full section projected from atop ff geometry and 
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full section: 

A section that 
shows the entire 
plane inside a 
part, created from 
a single cutting- 
plane line placed 
completely through 
the view. 


half section: 

A section used 
when an area of 

a part does not 
require sectioning 
because the area 
has no features, 
or because the 
features are 
symmetrical to the 
sectioned features. 


offset section: 

A section from a 
cutting-plane line 
that travels through 
various depths of 

a part when the 
features cannot be 
seen with a straight 
cutting-plane line. 


aligned section: 
A section from 

a cutting-plane 
line that changes 
directions at an 
angle other than 
90° when the 
cuitting-plane line 
must go through 
features that 
revolve around 
the center of a 
cylindrical part. 
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You can also use sketch tools to sketch a cutting-plane line before 
accessing the Section View tool. This method offers additional 
options for cutting-plane line placement. You must associate the 
sketch with the view by picking the view before accessing the 
Create Sketch tool. Finish the sketch, access the Section View tool, 
and pick the sketch as the cutting-plane line. 


Figure 22-17 shows an example of creating a full section. Figure 22-18 shows 
examples of creating a half section, an offset section, and an aligned section. Notice 
the correct position of the parent views and where you place the cutting-plane line, 
shown in Figure 22-17 and Figure 22-18. When creating an aligned section, you must 
use the Aligned method, as explained later in this chapter. 

Specify the view identifier and scale using the corresponding text boxes. Use the 
Toggle Label Visibility button to display the view label and the Edit View Label button 
to make changes to the default label. Use the Style area to specify the style of view 
geometry. Pick the Full option from the Section Depth drop-down list to remove all 
material from the cutting-plane line out, which is appropriate for most applications. 
Select the Distance option and then specify the portion of material retained using the 
Distance text box. Figure 22-19 shows an example of each depth option. 

Use the Projected method to apply direct section view projection from the cutting 
plane. If direct projection results in undesirable foreshortening, pick the Aligned 
method to create an aligned section. Once you create the cutting-plane line and adjust 
section view parameters, move the cursor to preview the section view. When you see 
the correct projection in the appropriate location, pick in the graphics window or select 
the OK button to place the section view. 


Figure 22-18. 
Examples of creating half, offset, and aligned sections. Notice the Hidden Lines Removed 
style applied to section views. 
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Figure 22-19. 
Section views created using the Full depth option and the Distance depth option. 
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Zero-Depth Sections 


Pick the include Slice check box in the Section View dialog box to create a sliced, or RE 
zero-depth, section. This is the same as using the Distance depth option and specifying | Place Views ~~ 
a 0 distance. Inventor also provides a Slice tool that allows you to slice a view using a 
sketch associated with a different view. Zero-depth sections are sometimes suitable for 
applications that require multiple sections without showing unneeded geometry, such 
as documenting the contour of an impeller or propeller. See Figure 22-20. 


Figure 22-20. 

An example of a 
zero-depth section 
application. In this 
example, the Slice 
tool was used to 
create the sections. 
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Section View Adjustment 


A cutting-plane line, section lines, and a label, if set to visible, automatically 
appear when you create a section view. The default Section View dialog box settings 
create the appropriate view for most applications, but modifications are sometimes 
required. You have significant control over the appearance of section view elements. 
For example, to display a correct half section, turn off the visibility of the object line 
that forms by default, and add a centerline, as described in Chapter 23. Refer again to 
Figure 22-18. 

Adjust a cutting-plane line by dragging the grips at the ends of the cutting-plane 
line that appear when you hover over the line. You can also edit the cutting-plane line 
in the sketch environment by right-clicking on the cutting-plane line in the browser or 
graphics window and selecting Edit. You can reverse the cutting-plane direction arrows 
by right-clicking on a cutting-plane line and selecting Reverse Direction, although this 
is usually not appropriate. The default style creates full-length cutting-plane lines. To 
remove the inner portion of a cutting-plane line, right-click on the cutting-plane line 
and deselect Show Entire Line. See Figure 22-21. To edit the section depth, right-click 
on a cutting-plane line and pick Edit Section Depth to open the Edit Section Depth 
dialog box, which functions the same as the Section Depth area of the Section View 
dialog box. 

The default section lines are displayed according to the hatch style settings 
assigned to the active standard. To change the display of section lines, right-click on 
the section lines and pick Modify Hatch... to open the Modify Hatch Pattern dialog box. 
The most common change for a part drawing is to adjust the angle in the Angle text 
box so that section lines are not parallel or perpendicular to objects. Changing the 
pattern, scale, and shift are most common for sectioning an assembly, to distinguish 
between different components. To turn off section line visibility, right-click on the 
section lines and select Hide Hatch. 


Exercise 22-10 


Access the Student Web site (www.g-wlearning.com/CAD) and | 
complete Exercise 22-10. 


Figure 22-21. 

Use the Show Entire 
Line option to 
override the default 
full-length cutting- 
plane line. 


Show Entire Line On Show Entire Line Off 
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_ broken-out section 
view: A view that 
portion of material 

To create a broken-out section view, you first sketch a closed profile that must be Sa i ee 
associated with the view, identifying where to remove material. Pick the view to associate ff component, typically 
r F i A eliminating hidden 
and then access the Create Sketch tool. You know the view is active when the view F ines and allowing 
boundary appears and the view is highlighted in the browser. Sketch a closed profile, F Ymer snd 
such as the examples shown in this chapter, and finish the sketch. provide a clearer 
Access the Break Out View tool and select the view with the associated sketch profile, ie 

if you have not already, to display the Break Out View dialog box. See Figure 22-22. If aero ores 

a sketch includes one profile, the profile is selected automatically. If a sketch contains | >Modity 

multiple profiles, the Profile button is active, allowing you to pick the profile(s) to =] 

break out. The Depth area allows you to specify how much of the material to remove. | == 

Figure 22-22 shows using the From Point option to specify the depth by picking a pee 

‘point on a view that displays depth. If necessary, you can adjust the depth from the |cresteview ~ 

selected point by specifying an offset in the text box. Pick the OK button to create the Z EmakAu | 


broken-out section. 


Break Out 


The Show Hidden Edges button is available with any of the depth 
options. Pick to have temporary access to hidden lines that may not į 
appear in the view, in order to make selections. 


Figure 22-23 shows using the To Sketch option to specify the depth by picking a 
sketch associated with a view that displays depth. This technique requires that you 
sketch the profile associated with one view, and sketch the depth geometry on the 
other view, before you access the Break Out View tool. Then, with the Break Out View 
tool active, select the profile, pick the To Sketch option, and select the depth sketch. 

Figure 22-24 shows using the To Hole option to specify depth by picking a hole on 
any view to section to the axis of the hole. Figure 22-25 shows using the Through Part 
option to section through the thickness of a selected part. Pick the OK button to create 


Figure 22-22. 
Using the From Point option of the Break Out View tool to create a broken-out section. 
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Figure 22-23. 


Using the To Sketch option of the Break Out View tool to create a broken-out section. 
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Figure 22-24. 


Using the To Hole option of the Break Out View tool to create a broken-out section. 
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Figure 22-25. 


Using the Through Part option of the Break Out View tool to section through the thickness of 


a part. 
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Figure 22-26. 
Examples of acceptable revolved sections. Both examples require a full section created using 
the Section View tool, but only one example uses a broken-out section. 


A A 
í j o 

1D D 
SECTION A-A a SECTION A-A ix 


the broken-out section. Sectioning through a part is appropriate not only for assembly 


drawings, but also for part drawing applications, such as the revolved section shown f ‘evolved section: 
A section view 


in Figure 22-26. created by revolving 
it 90° in place, into a 

plane perpendicular 
| to the line of sight. 


Exercise 22-11 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-11. 


Ribbon 


Use the Detail View tool to create a detail view, also known as a view enlargement. | 
Create a detail view from an existing view to overcome the problem of displaying | 
geometry that is small in relation to the overall size of the part. Select a view from 
which to extract the detail view, if you have not already, to display the Detail View | “> Detail view... 
dialog box. See Figure 22-27. Specify the view identifier and scale using the corre- S n n 
sponding text boxes. The scale is twice the scale of the parent view by default. Use the $ enlargement): A 


Create View — 


detail view (view 


view that increases 


Toggle Label Visibility button to display the view label, and use the Edit View Label $ the scale of specific 
button to make changes to the default label. Specify the style of view geometry in the f pe llr 
Style area. understand drawing 
Next, create a boundary, or fence, to identify the area taken from the parent view eee 
to create the detail. Pick the Circular button to create a circular fence or the Rectangular 
button to create a rectangular fence. Then apply the techniques shown in Figure 22-27 to 
create the appropriate fence. Select the Jagged button to display standard short break 
lines with the detail, as shown in Figure 22-27, or pick the Smooth button if short break 
lines are not suitable for your application. When you select the Smooth button, you 
have the option of checking Display Full Detail Boundary and Display Connection Line, 
as shown in Figure 22-28. Pick a location in the graphics window to position the detail, 


or select the OK button. 


Edit a detail view and view label as you do other views. Occasion- 
ally, as shown in Figure 22-29, the boundary and boundary label 
display is not acceptable. Change the boundary size and location 
by dragging the green grips. Drag the boundary label to adjust the 
position. Adjusting the boundary automatically updates the detail 
view. 


Chapter 22 Introduction to Part Drawings = > 5 


552 


Figure 22-27. 
Using the Detail View tool to create circular and rectangular detail view boundaries. The 
Circular option is the recommended ASME standard. 
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Figure 22-28. 
Examples of options for using the Smooth cutout shape option, typically for non-ASME 
drafting applications. 
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Ribbon 


Place Views 
> Modify 


Inventor includes a Crop tool that allows you to construct a rect- 
angle on a view that crops, or hides, all objects outside of the rect- 
angle. A unique linetype distinguishes cropped objects from visible 
object lines. 


Shortcut 


Create View 
> Crop... 


Exercise 22-12 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-12. 


Ribbon 


Place Views 
> Modify 


Accessing the Break tool allows you to create a conventional break, often required 
when you are drawing a long component or to increase view scale without increasing 
sheet size. See Figure 22-30. Select a view, if you have not already, to display the Broken 
View dialog box. See Figure 22-31A. Pick the desired break style button from the Style 
area, and then adjust the orientation if necessary. Often Inventor chooses the correct 
orientation according to the selected view. If not, pick the Horizontal Orientation button 
to break a horizontal view, or pick the Vertical Orientation button to break a vertical 
view. 

Use the Min./Max. slider to adjust the size and number of break edges for a rect- 
angular-style break, or the break symbol size for a structural-style break. The Gap 
text box allows you to specify the distance between break lines. The Symbols text 
box, available when you specify the structural style, allows you to adjust the number 
of break symbols along the break lines. Figure 22-31 shows examples of breaking the 
same view using different options. Then define the break by picking the location of 
the first break line and second break lines, as shown in Figure 22-31A. The break 
forms between the first and second lines when you pick the second line. 

To edit the break, right-click on the break lines and select Edit Break.... To change 
the location of the break without adjusting the length of the view, drag the green grip 
that appears when you hover over the break lines, or select the break lines. Shorten the 
break by dragging one of the break lines away from the center of the break. Extend the 
break by dragging one of the break lines toward and past the center of the break. 


Inventor references the same layer for both break styles, even 
though the Rectangular Style (short break lines) should have thick 
lines and Structural Style (long break lines) should have thin lines. 
Assigning a thin line layer to all break lines is more acceptable than 
using a layer with thick lines. Inventor does not provide options 
for creating the ASME-preferred appearance for cylindrical and 
tubular breaks. Breaking a view does not change the parametric 
size or shape of the model or drawing. 
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Shortcut 


Create View 
> Break... 


RaO 


Break 


conventional 
break (break): 


© The process of 


shortening the view 


_ of a long part that 


has a constant 


» shape. 


| slider: A movable 


bar that increases or 
decreases a value 
when you slide the 


> bar. 


_ break: The 


portion of a view 


_ that you remove 


when you create a 


` conventional break. 
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Figure 22-30. 


Using a conventional break to draw the view of a consistent shape component, without 
reducing the scale or increasing the sheet size. 
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Figure 22-31. 

A—Using the Break tool to create a conventional break using the structural style, horizontal 
orientation, average scale, small gap, and one symbol. B—Rectangular style, horizontal 
orientation, minimum scale, and small gap. C—Structural style, horizontal orientation, 
minimum scale, small gap, and two symbols. D—Rectangular style, vertical orientation, 
maximum scale, and small gap. E—Structural style, vertical orientation, maximum scale, 
large gap, and one symbol. 
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first break line 
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Exercise 22-13 a 


complete Exercise 22-13. 


The primary purpose of an Inventor drawing is to create 2D drawings that refer- RES 
ence 3D models. However, if desired, you can use the Draft View tool to produce drawing (eee 
views using sketch tools. The Draft View dialog box allows you to specify the view | FA. 
identifier and scale using the corresponding text boxes. Use the Toggle Label Visibility 
button to display the view label, and use the Edit View Label button to make changes to 
the default label. Pick the OK button to enter the sketch environment. Use sketch tools 


to create objects as you do in the model and other drawing sketch environments. 


When you finish a draft view and exit the sketch environment, 
dimensional constraints are converted to drawing dimensions. 


sheet format: 
Multi-element sheet 
template stored in 
the drawing file. 
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A sheet format allows you to create a new sheet with common sheet items such as 
border and title block, but also with predefined views. To create a sheet format, develop 
a sheet with all the elements you want to reproduce when you use the sheet format, 
including a common arrangement of views. The views you insert are not displayed 
when you create a new sheet and act only as a view reference. Then right-click on 
the sheet in the browser and select Create Sheet Format... to display the Create Sheet 
Format dialog box. See Figure 22-32A. Enter a descriptive name, such as B-SIZE Front, 
Top, Right-side in the Format Name text box, and pick the OK button to create the sheet 
format. 

The Sheet Formats folder of the Drawing Resources folder in the browser stores 
sheet formats, which you usually include in a template. See Figure 22-32B. To use 
a sheet format, double-click on the sheet format, or right-click the sheet format and 
select New Sheet to display the Select Component dialog box. See Figure 22-32C. If 
you previously inserted a component, the model is available in the Document Name 
drop-down list. Otherwise, pick the Browse button to display the Open dialog box and 
locate the model to insert. Then pick the OK button to create the drawing complete 
with a border, title block, and the specified views. 


Exercise 22-14 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 22-14. 


Figure 22-32. 
A— Enter the name 
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, Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wlearning.com/CAD/InventorApps2010), 
select the correct chapter from the Chapter Materials drop-down list, and complete 
the electronic chapter test. 


What are detail drawings? 

Define monodetail. 

Define multidetail. 

What does a drawing sheet represent? 

What does the active drawing standard control? 

Which ASME standard controls the appearance of broken-out sections? 
Describe general notes and identify where they are located on a drawing. 
. What is a base view? 

. Describe a multiview drawing. 

10. List the characteristics of the front view. 

11. Describe an auxiliary view. 

12. What is a partial auxiliary view? 

13. Define section view and list two alternate names for a section view. 
14. Briefly describe a cutting plane. 

15. What is a cutting-plane line? 

16. Define full section. 

17. Describe a half section. 

18. What is an offset section? 

19. Describe an aligned section. 

20. Explain the appearance and function of section lines. 

21. Discuss the function of a broken-out section view. 

22. What is a revolved section? 

23. What is a detail view? 

24. What is the purpose of a conventional break? 

25. Briefly describe a sheet format. 


1. 
2 
3. 
4. 
5i 
6. 
7 
8 
9 


Problems 


Instructions: 


e Use the specified drawing template to develop the drawings shown from existing or 
new models. Select the correct view orientation when placing base views, which may 
not correspond to the orientation name in the Base View dialog box. 

e Include a border and title block appropriate for the sheet size, available in the specified 
template file. Add all prompted entries as shown. Adjust the general notes as needed. 

e Ifyou notice problems with drawing views due to model issues or lack of model prop- 
erties, open the model to make changes. 

o Follow the specific instructions for each problem to create the drawing views. Do not 
add dimensions or annotations. 


1. Title: SWIVEL BOLT 
Units: Inch 
Template: Drawing-IN.idw 
View File: P9-2.ipt 
Save as: P22-1.idw 
Specific Instructions: Insert the front view as the base view and then project the 
isometric view shown. Edit the isometric view to display a shaded style. 
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2. Title: SLIDER HINGE CONNECTOR 
Units: Inch 
Template: Drawing-IN.idw 
View File: P10-6.ipt 
Save as: P22-2.idw 


Specific Instructions: Insert the left-side view as the base view and then project 
the front, top, and isometric views shown. 
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TOLERANCES: ee [oraw DPM | DPM ua g 
a ay a 
— SLIDER HINGE CONNECTOR 
1. DIMENSIONS AND TOLERANCES PER ASME Y14.5M-2009, TITANIUM 


2. REMOVE ALL BURRS AND SHARP EDGES. FINISH CAGE CODE OWG NO. REV 
O q Eee T= E aacieai 


conorscaeorawinc a å SHEET 1 OF 1 


N 
N 
im 
O 
= 
Q. 
S 
= 
Ù 
i 
A 
= 
o 
a 
© 
i 
a 


Chapter 22 Introduction to Part Drawings 559 


3. Title: BRACKET 
Units: Metric 
Template: Drawing-mm.idw 
View File: P7-7.ipt 
Save as: P22-3.idw 


Specific Instructions: Insert the front view as the base view and then project the 
right-side, top, and isometric views shown. 
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4. Title: C-CLAMP SWIVEL 
Units: Metric 
Template: Drawing-mm.idw 
View File: P8-2.ipt 
Save as: P22-4.idw 


Specific Instructions: Insert the top view as the base view and then create a full 
section as shown. 
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SAintermediate| | 5. Title: C-CLAMP SWIVEL 

o Units: Metric 
Template: Drawing-mm.idw 
Specific Instructions: Open file P22-4.idw and save it as P22-5.idw. In the P22-5.idw 
file, edit the cutting-plane line sketch, probably Sketcht in the browser, to create 
the half section shown. Turn off the visibility of the vertical lines as shown. 
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6. Title: BENT PULLER Bf intermediate 
Units: Inch Eo 
Template: Drawing-IN.idw 
View File: P7-5.ipt 
Save as: P22-6.idw 
Specific Instructions: Insert the front view as the base view and then project the 
top and isometric views shown. Create the auxiliary view shown. 
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hÁ intermediate] | 7. Title: SCREW 
a Units: Metric 
Template: Drawing-mm.idw 
View File: P11-1.ipt 
Save as: P22-7.idw 
Specific Instructions: Insert the front view as the base view and then create the 
conventional break shown. 


NOTES: 


1. DIMENSIONS AND TOLERANCES PER ASME Y14.5M-2009. 
2. REMOVE ALL BURRS AND SHARP EDGES. 


UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE Bi MILLIMETERS 


DRAWN DPM 


[a-w] Goodheart-Willcox 


| CHECKEO ppm | = | 
APPROVED — ==] E 
MATERIA SCREW 
SAE 1035 
FINISH SIZE CAGE CODE DWG NO. 
O Ej ioe [ET core A 
e E A C 


N 
N 
w 
a] 
eS 
B 
3 
Z 
Vv 
A 
= 
s 
A 
8 
= 
È 


564 Inventor and Its Applications 2010 


8. Title: FUNNEL bd intermediate 
Units: Inch E 
Template: Drawing-IN.idw 
View File: P9-3.ipt 
Save as: P22-8.idw 
Specific Instructions: Insert the top view as the base view and then create a full 
section as shown. Project the shaded isometric view from the section as shown. 
Turn off the visibility of edges and edit the view to include the label. Create a base 
“front” view from which to project the shaded isometric view shown. Delete the 
base “front” view and turn off the visibility of edges as shown. Edit the general 
notes to add the third note. 
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MA Advanced | | 9. Title: 45 DEGREE SPLIT ELBOW 
N Units: Metric 

Template: Drawing-mm.idw 

View File: P11-3.ipt 

Save as: P22-9.idw 

Specific Instructions: Insert the front view as the base view and then project the left- 
side, bottom, and isometric views shown. Create the removed auxiliary VIEW A-A and 
the removed VIEW B-B using the Auxiliary View tool. Add the full section shown, 
and edit views as needed. 
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10. Title: CLIP bd Advanced 
Units: Inch > 
Template: Drawing-IN.idw 
View File: P15-5.ipt 
Save as: P22-10.idw 
Specific Instructions: Use the Base View tool to create the flat pattern view shown. 
If you did not create a flat pattern model, you must do so before you can create 
a flat pattern drawing view. Access the Base View tool again and place the front 
view as shown. Project the isometric view to complete the drawing views. 
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MA Advanced | | 11. Title: HANDLE 
= Units: Inch 
Template: Drawing-IN.idw 
View File: P22-11.ipt 
Save as: P22-11.idw 
Specific Instructions: Use the drawing shown to create a part model. Save the 
part as P22-11.ipt and then use the model to create the drawing views shown. Do 
not add the centerlines or dimensions. 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Apply model and drawing dimensions to part drawings. 
Add centerlines and center marks. 

Use the General Dimension tool. 

Edit and arrange dimensions. 

Use the Baseline and Ordinate Dimension tools. 

Add notes, symbols, and tables. 


> a a hs 


This chapter explains how to use drawing annotation tools and options to add 
dimensions, notes, and text information to drawing views. You will explore options 
for extracting model parameters and creating drawing dimensions. The focus of this 
chapter is dimensioning part drawings, but you will apply many of the same tools and 
options to develop assembly and weldment drawings. 


The model that you reference to create drawing views includes parameters that 
you can extract and use as model dimensions. See Figure 23-1. You can edit parametric 
model dimensions in the drawing to make changes to the size and shape of the model. 
Drawing dimensions allow you to dimension a drawing when model dimensions are 
not appropriate, or when additional dimensions are required. 


This chapter focuses on dimensioning orthographic views, but 
you can apply the same tools and options to dimension isometric 
views. 
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Figure 23-1. 
An example of model dimensions extracted to a drawing view. 
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Model Dimensions 


You can only extract, or retrieve, model dimensions that are planar to the drawing 
view. For example, you can show the model dimension that defines the part thickness 
in the view that displays the thickness. You can add model dimensions during view 
placement by selecting the Retrieve all model dimensions on view placement check box 
on the Drawing Tab of the Options dialog box before you create a base view. The All 
Model Dimensions check box on the Display Options tab of the Drawing View dialog box 
also allows you to display model dimensions when you insert or edit a base view. 

Automatic means of retrieving model dimensions are effective for some applica- 
tions. However, often you need additional control over the dimensions that appear, 
or want to acquire model dimensions that were formed after initial view placement. 
Access the Retrieve Dimensions tool to display the Retrieve Dimensions dialog box, 
shown in Figure 23-2. Use the Select View button to select a view referencing a model. 
To retrieve dimensions for specific model features, pick the Select Features radio 
button and then choose the features. To retrieve all part dimensions, pick the Select 
Parts radio button, and select the parts. 

Selecting features allows you to filter out unneeded dimensions that appear 
when you select a part, while selecting a part displays all available model dimensions. 
Depending on the model, some dimensions may not be necessary or appropriate for 
the view. Pick the Select Dimensions button to choose only the model dimensions to 
display in the drawing. Pick the Apply button to create dimensions and remain in the 
tool, or pick the OK button to create the dimensions and exit. 


Exercise 23-1 
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Figure 23-2. 


Use the Retrieve Dimensions dialog box to retrieve model dimensions associated with a 
specific view. 
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Drawing Dimensions 


Add drawing dimensions when model dimensions do not fully document design 
intent or are not appropriate according to correct drafting practices. Inventor provides 
many tools and options for annotating a drawing. Tools are available for specific 
dimensioning methods, and you can add the dimensions, notes, symbols, and tables 
required for most drawing applications. You cannot control model parameters using 
drawing dimensions. However, drawing dimensions are associated with model geom- 
etry. If you modify model parameters in the model file drawing and in the model, the 
dimensions in the drawing adjust to the changes. 


Settings assigned to the active standard and annotation tools deter- 
mine the appearance of annotations. However, you are responsible 
for adjusting the display and, in some cases, overriding standard 
defaults to create a drawing that is clear, readable, and prepared 
according to appropriate drafting standards. 
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Drawings that contain circular geometry or symmetrical features require center 
marks and centerlines in order to dimension and describe the center and location of 
features. You can use the Automated Centerlines tool to add center marks and center- 
lines to specified objects. Other center mark and centerline tools are also available that 
you can use in addition to or as an alternative to automated centerlines. It is usually 
easiest to add center marks and centerlines before adding dimensions and other 
annotations. 


Automated Centerlines 


Right-click on a view and select Automated Centerlines... to access the Automated 
Centerlines dialog box. See Figure 23-3. The dialog box allows you to specify which 
items in the view automatically receive centerlines and center marks. Adjusting values 
in the Automated Centerlines dialog box overrides the default settings specified using 
the Automated Centerlines... button on the Drawing tab of the Document Settings 
dialog box. If you set appropriate automated centerline document settings and save 
the settings in a template, you can pick the OK button immediately to add centerlines 
and center marks for most applications. 

Pick buttons in the Apply To area corresponding to model features that will 
receive centerlines and center marks. In the Projection area, pick the Objects in View, 
Axis Normal button to add center marks to features normal to the view plane, and 
the Objects in View, Axis Parallel button to add centerlines to features parallel to the 
view plane. The Radius Threshold area allows you to apply size limits to features that 
will receive centerlines and center marks. Use the Precision drop-down list to set the 
threshold limit precision. Then use the Fillets: text boxes to specify the minimum and 
maximum size of fillet features that will receive centerlines and center marks. Use 
the Circular Edges: text boxes to specify the minimum and maximum size of other 
circular features that receive centerlines and center marks. For example, with preci- 
sion set to 3.123, if you specify a minimum size of .500 and a maximum size of 0, only 
features that are greater than or equal to .500 receive centerlines and center marks. 
The Arc Minimum: text box allows you to specify a minimum size for arcs, circles, and 
ellipses that will receive centerlines and center marks. 


Figure 23-3. 
Adding centerlines 
and center marks 
to a view using 
the Automated 
Centerlines tool. 
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Exercise 23-2 cii 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 23-2. 


Centerline and Center Mark Tools 


Use the Center Mark tool to add a center mark to an object representing a circular 
feature or a sheet metal punch feature. Select a circular edge or center point as shown 
in Figure 23-4A. Select the features that need center marks. Press [Esc] or right-click 
and select Done to exit. You can right-click before you select objects and deselect Extension 
lines to create a center mark without extension lines, or deselect Punch Centers to 
exclude selection of sheet metal punched features. 

Access the Centerline tool to display a centerline between points, or to display 
center marks between circular features. See Figure 23-4B. To create a centerline, pick 
two edges or points, such as two grip points. To create connected center marks, pick 
two or more edges or center points. After you select objects, press [Enter] or right-click 
and pick Create. Press [Esc] or right-click and select Done to exit. 

Use the Centered Pattern tool to identify the center of a circular pattern and add 
center marks to pattern occurrences. See Figure 23-4C. First, specify the center of 
the pattern by picking the pattern center point or the circular edge concentric to the 
pattern, if available. Then select the objects in the pattern in sequential order. After you 
select objects, right-click and pick Create. Press [Esc] or right-click and select Done to 
exit the tool. 


Figure 23-4. 

Examples of manually created centerlines and center marks. A—Using the Center Mark tool. 
B—Using the Centerline tool. C—Using the Centered Pattern tool. D—Using the Centerline 
Bisector tool. 
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Access the Centerline Bisector tool to place a centerline through a feature parallel 
to the view plane. See Figure 23-4D. Select two edges, such as hidden or sectioned hole 
lines, and then press [Enter] or right-click and select Create. Press [Esc] or right-click 
and select Done to exit. 


Annotate 
> Symbols 


Centerline Bisector 


Editing Centerlines and Center Marks 


You can make changes to centerlines and center marks by moving or stretching size 
and location grips or by applying shortcut menu options. Figure 23-5A shows the grips 
that appear when you select a centerline or center mark. Drag the end of a centerline or 
center mark to increase or decrease the length. You will notice that the end snaps to the 
correct extension as you near an edge, or becomes hidden when you near the center point. 
You can use the center point grip to move the center mark to another point, but leaving 
the center mark in space orphans the center mark. Figure 23-5B describes options that 
may be available when you right-click on a centerline or center mark. 


You can often avoid adding or removing dashes by using the appro- 
priate tool, such as the Centerline tool. 


Exercise 23-3 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 23-3. 


Figure 23-5. 
A—Examples of editing centerlines and center marks. B—Options that may be available 
when you right-click on a centerline or center mark. 
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Applies uniform spacing between dashes on a selected 
extension line after dashes have been added or removed. 


The General Dimension tool allows you to create several types of drawing dimen- 
sions. See Figure 23-6. Dimension placement varies depending on the type of geometry |^nngtate 


> Dimension 
you dimension. In general, select objects or points to dimension, and then pick a location 
for the dimension value. Select the actual surfaces from which the measurement origi- | | 
nates when possible, or pick points. Be sure that you select the correct origin of the dimen- Dimension 


sion so that the correct measurement and extension line offset appears. As you move the 
dimension value after selecting objects or points, the dimension appears dotted when 
you reach the standard offset. A dotted line or centerline appears as you near the center 
of the dimension line. Use these aids to help place the dimension. See Figure 23-6. 


Figure 23-6. 
Using the General Dimension too! to create linear, aligned, angular, diameter, and radius 
dimensions. 
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General dimensions reference the active standard and form a dimension type 
based on the objects you select. If the dimension appearance does not appear correct, 
you may be able to adjust the dimension or apply a style override before selecting a 
location for the dimension value. Right-click to access dimension settings that vary 
depending on the type of dimension. Some settings are available from the Dimension 
Type or Options cascading submenus. 


Edit Dimension Dialog Box 


By default, the Edit Dimension dialog box appears when you pick a location for 
the dimension value. See Figure 23-7. Deselect the Edit dimension when created check 
box if you do not want to see the Edit Dimension dialog box when placing general 
dimensions. If the dimension value does not require modification, pick the OK button 
to create the dimension. Press [Esc], right-click and select Done, or access a different 
tool to exit. 

For most applications, you should only use the options in the Text tab, shown in 
Figure 23-7A, to add a prefix or suffix to the associated value (<<>>), or to hide the 
value. For example, add a 4X in front of a value to dimension a repetitive feature, or 
Ø in front of a linear diameter dimension. The Precision and Tolerance tab, shown in 
Figure 23-7B, includes options to adjust the tolerance precision and to apply a unique 
tolerance method for a specific dimension. 


The Precision and Tolerance tab also allows you to override the 
associated value. Overriding the displayed dimension value disas- 
sociates the dimension value from the drawing view and model, 
which is usually inappropriate. 


Inspection Dimensions 


The Inspection tab of the Edit Dimension dialog box allows you to identify a dimen- 
sion that requires testing throughout the design and manufacturing of a product. See 
Figure 23-8. Pick the Inspection Dimension check box to include test information. 


Figure 23-7. 

The Edit Dimension dialog box allows you to add content to or override the characteristics of 
a dimension value. A—Use the Text tab primarily to add a prefix or suffix or to hide the dimension 
value. B—Use the Precision and Tolerance tab to adjust the tolerance of a specific dimension. 
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Figure 23-8. 
Using the Inspection tab of the Edit Dimension dialog box to add an inspection dimension. 
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Then select the shape of the inspection dimension frame or choose not to include a 
frame by selecting the appropriate radio button. To include a label that identifies the 
dimension, type a label in the Label text box. Type an inspection rate in the Inspection 
Rate text box to indicate how often to perform a test on the dimension. The rate can 
have different meanings depending on the application. For example, 100% can mean to 
check the length of the part for tolerance every time the assembly receives the part. 


Exercise 23-4 = 


"Access the Student Web site (www.g-wlearning.com/CAD) and _ 
complete Exercise 23-4. 


As you learn to dimension a drawing, you will find that the active standard and 
specific dimensioning tools usually create acceptable or near-acceptable dimensions. 
However, you will also find that many dimensions require modification to account for 
unique geometry in a view, or to meet drafting standards. Although you will learn 
additional dimensioning tools and options later in this chapter, you should become 
familiar with basic dimension editing and arrangement options before proceeding. 

Often the key to making a dimension look the way you want is to experiment with 
options, such as moving the dimension value to a new location or selecting a shortcut 
menu option. You can modify dimensions by changing the placement and offset of value, 
adjusting display characteristics, or overriding dimension style variables. Figure 23-9 
shows a few of the many common dimension adjustments you may have to apply. 
When dragging a dimension value, use the dotted or center reference lines to pick an 
accurate location, and use point alignment between other dimensions or objects. 

Right-click on a dimension to access several options for adjusting display charac- 
teristics, overriding default style variables, editing the dimension value, moving the 
dimension to a different view, and copying properties. Common applications include 
using the Precision cascading submenu to select a different tolerance precision and 
picking Edit... or Text... to add a prefix or suffix to the dimension value. Available 
settings vary depending on the selected dimension type. For example, the Jogged 
option is available when you right-click on a radius dimension used to dimension 
a large radius. Explore each option as needed to control the appearance of specific 
dimensions. 
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Figure 23-9. 
Some of the many dimension adjustments you may have to apply. 
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Right-click on a view and select from the Annotation Visibility 
cascading submenu to toggle the visibility of model and drawing 
dimensions and other annotations. 


Arrange Dimensions Tool 


$ Use the Arrange Dimensions tool to align and offset dimensions according to the 

| active standard spacing and dimension location. See Figure 23-10. You can arrange 
‘| a group or combination of linear, angular, or coordinate dimensions. For the tool to 
=j work most effectively, dimensions should be in an approximate configuration. The 
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Figure 23-10. 
Arranging dimensions using the Arrange Dimensions tool. 
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Arrange Dimensions tool functions very differently depending on the type and loca- 
tion of selected dimensions and the way you access the tool. 

To arrange the dimensions as shown in Figure 23-10, you could access the Arrange 
Dimensions tool, select all the dimensions in the view, and then press [Enter] or right- 
click and select Done. Another option is to select all the dimensions and then access 
the Arrange Dimensions tool to create the arrangement instantly. To arrange the group 
of horizontal or vertical dimensions only, you could access the Arrange Dimensions 
tool and select the dimensions. Then press [Enter] or right-click and select Done to 
create the arrangement or right-click and pick Contour Entity to select a point or object 
to specify where the first offset originates. If you select the group of horizontal or 
vertical dimensions before accessing the Arrange Dimensions tool, the Contour Entity 
function may be preset, allowing you to pick a point or object. 


Exercise 23-5 e 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 23-5. 


Editing Model Dimensions 


If a design requires a revision, open and edit the model as needed. Dimensions in 
the drawing update according to the changes. An alternative is to edit model dimen- 
sions in a drawing view. Right-click on a model dimension and select Edit Model 
Dimension.... The familiar Edit Dimension dialog box appears, allowing you to change 
the value of the parameter. Drawing dimensions associated with the model change as 
you edit a model, but they do not control model parameters. 
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You can apply baseline dimensioning using the General Dimension tool, but 
Inventor provides Baseline Dimension and Baseline Dimension Set tools to help apply 
baseline dimensions. See Figure 23-11. The process of creating baseline dimensions is 
the same regardless of the tool you use. The Baseline Dimension tool creates separate 
dimensions, much like arranging dimensions created using the General Dimension 
tool. The Baseline Dimension Set tool creates a group of dimensions that act more like 
one unit, and includes options for adding and removing dimensions from the set. 

Once you access the preferred tool, select the common surface, or datum, and 
then pick each additional object to dimension. Typically, the order in which you select 
additional features does not matter. However, you must select the common surface 
first. See Figure 23-11. Next, right-click and pick Continue and then pick a location to 
place the dimensions. The first dimension line should snap into position as you near 
the standard offset. If necessary, you can add dimensions to the group by picking 
additional features. To redefine the datum, right-click on a different object and select 
Make Origin. Right-click and select Create to finish. 

Baseline dimensions created using the Baseline Dimension tool are independent 
from other dimensions and function like most dimensions. However, dimensions 
placed using the Baseline Dimension Set tool are grouped and act as a single unit. 
To add a dimension to the set, right-click on the set, select Add Member, and pick the 
geometry to add. To remove a dimension from the set, right-click on the dimension 
and select Delete Member. To disassociate a dimension from a set without deleting the 
dimension, right-click on the dimension and select Detach Member. 


Exercise 23-6 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 23-6. 


Figure 23-11. 
Placing baseline dimensions using the Baseline Dimension or Baseline Dimension Set tool 
involves the same steps. 
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Drawings usually require specific notes and general notes. A leader line (leader) 
often connects a specific note to a feature. Inventor provides several tools for adding 
notes. When possible, use parametric note tools that reference model parameters. Use 
Text and Leader Text tools when you cannot extract data from a model, or for general 
applications. 

Access the Text tool to place general notes or other text not connected to a leader. 
The Text tool available in the drawing annotation environment functions the same 
as the Text tool available in sketch environments. Pick a point or create a text box, 
and then use the Format Text dialog box to add text. When you return to the graphics 
window, continue adding text or press [Esc], right-click and Saini Done, or access a 
different tool to exit. 


Right-click on text and select Edit Text... to return to the Format 
Text dialog box, or use the Rotate 90 CW or Rotate 90 CCW options 
to rotate the text. 


The General Dimension tool allows you to dimension circular features with 
leaders. Additional tools are available for dimensioning hole, chamfer, punch, and 
bend features. For applications when these tools are not appropriate, access the Leader 
Text tool to create text attached to a leader. See Figure 23-12. Select a point or a feature 
to connect to the leader. Then pick the second point of the leader, which usually defines 
the start of the shoulder. You can select additional points, but for most applications, the 
second point is all that is required. Press [Enter] or right-click and select Continue to 


display the Format Text dialog box and add text to the leader. When you return to the 
graphics window, continue adding text or press [Esc], right-click and select Done, or | 


access a different tool to exit. 


The active standard controls default text, leader text, and feature 
note properties. You have the option of adjusting display character- 
istics and overriding the default style as needed. 


Figure 23-12. 
Creating a specific 
note using the 
Leader Text tool. 
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Exercise 23-7 


Access the Student Web site (www.g-wlearning.com/CAD) and i 
complete Exercise 23-7. 


Hole and Thread Notes 


Holes are normally dimensioned using diameter dimensions, which include a 
leader line and dimension value, with the diameter symbol preceding the value, as in 
1.625. Thread notes commonly connect to the thread representation using a leader 
line and always follow the same format, as shown in Figure 23-13. The Hole/Thread 
Notes tool allows you to extract the specifications of a hole or thread feature. 

Select the feature to dimension and pick a location for the note. Press [Esc], right- 
click and select Done, or access a different tool to exit. To edit a hole note using the Edit 
Hole Note dialog box, double-click on the note or right-click on the note and select Edit 
Hole Note.... A common edit is to pick the Tap Drill check box to add tap drill data to the 
note. To apply overrides to the default note, deselect the Use Default check box. 


| To dimension repetitive holes, pick the Edit Quantity Note button 


See CEE ert SN ec Seo weer 


and specify quantity based on a feature pattern in the model or 
like holes.in the drawing. Then deselect the Use Default check box, 
place the text cursor before the note, and pick the Quantity Note (#) 
button. 


Figure 23-13. 


Thread note specifications and dimensioning threads using the Hole/Thread Notes tool. 
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The following format specifies the thread note for Unified screw threads. 
3/4-1O0OUNC-2A 


(1) 


(2) (3) (46) 


(1) Major diameter of thread, given as a fraction or number. 

(2) Number of threads per inch. 

(3) Thread series: UNC = Unified National Coarse, UNF = Unified National Fine. 
(4) Class of fit: 1 = large tolerance, 2 = general-purpose tolerance, 3 = tight tolerance. 
(5) Thread type: A = external thread. B = internal thread. 


The following format specifies the thread note for metric threads. 


M14X2 
(1) (2) (3) 


(1) M = metric thread. 
(2) Major diameter in millimeters. 


(3) Pitch in millimeters. 
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Dimensioning Chamfers 


You can use a specific note to dimension a 45° chamfer as shown in Figure 23-14A. ER 


Chamfers at angles other than 45° must display the angle and a linear dimension or po Te 


two linear dimensions, as shown in Figure 23-14B. The Chamfer Note tool allows you 
to extract the specifications of a chamfer feature as a specific note, which is appropriate 
for 45° chamfers. Select the chamfered surface followed by the adjacent reference edge. Chamter 
Then pick a location for the note. Press [Esc], right-click and select Done, or access a 
different tool to exit. Double-click on the note or right-click on the note and select Edit 
Chamfer Note... to change the note using the Edit Hole Note dialog box. 


surface angle used 
to relieve a sharp 


| chamfer: A slight 
corner. 


Exercise 23-8 


Access the Student Web site (www.g-wlearning. com/CAD) and 
complete Exercise 23-8. 


Punch and Bend Notes 


The Punch Notes tool allows you to extract the specifications of a sheet metal JR 
punch feature. Select the punch geometry, representation, or center point to dimen- |e e Notes 
sion and then pick a location for the note. See Figure 23-15. Press [Esc], right-click | ‘=. 
and select Done, or access a different tool to exit. To edit a punch note using the Edit 
Punch Note dialog box, double-click on the note or right-click on the note and select | 
Edit Punch Note.... 

The Bend Notes tool allows you to extract the specifications of a sheet metal bend. [RRR 
Select the bend centerline to place a note aligned with the centerline. Continue adding pmr Notes E 
bend notes, or press [Esc], right-click and select Done, or access a different tool to} | 
exit. You can then drag the note to adjust the position or add a leader if necessary. See 
Figure 23-15. To edit a bend note using the Edit Bend Note dialog box, double-click on | 
the note or right-click on the note and select Edit Bend Note.... 


Exercise 23-9 


"Access the Student Web site (www.g-wleaming.com/CAD) and 
complete Exercise 23-9. 


Figure 23-14. 

A—Common practices for dimensioning chamfers. You can use the Chamfer Note tool to 
dimension any chamfer feature, but chamfer notes are only appropriate for 45° chamfers. 
B—Chamfers other than 45° must display the angle and a linear dimension or two linear 
dimensions. 
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Figure 23-15, 
An example of a flat pattern drawing view with punch and bend notes extracted from the model. 


Punch note Bend note (drag after 
placement to form leader) 


2X PIDS7495B 
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Punch note 
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Bend note 


Surface Texture Symbols 


Use the Surface Texture Symbol tool to specify surface finish using a surface 
finish symbol. See Figure 23-16. Select a point or feature to assign surface finish infor- 
| mation. To locate the symbol at the selection, press [Enter] or right-click and select 
| Continue. To connect the symbol to a leader, pick a second point and then press [Enter] 
or right-click and select Continue. 

The Surface Texture dialog box, shown in Figure 23-16, allows you to define the finish 


surface finish: 


The allowabie characteristics. Figure 23-17 describes each option. Pick the OK button to create the surface 
wawness lay,and finish symbol. Press [Esc], right-click and select Done, or access a different tool to exit. 


flaws on a surface. 


surface finish 
symbol: A V- 
shaped symbol 
that contains 
values related 
to surface finish 
characteristics. 


Drag the grip point that appears when you select an existing surface 
texture away from the feature to include an extension line or add a 
leader. 


Figure 23-16. Removal of material prohibited 
Examples of surface 


freee speci femine Removal of material required 
cre ating using the Basic Surface texture symbol 


Surface Texture 
Symbol tool. You can 
connect the surface 
finish symbol to a 
leader by selecting a 
second point. 


Force tail 
Majority 
All-around 
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Figure 23-17. 
Options available in the Surface Texture dialog box. 


Select the Force tail, Majority, or All-around button to add a tail, m 
or all-around symbol. 


Minimum roughness height, when a maximum roughness height is set ~ 


in the A’ text box. 


Roughness other than the Ra specified in the A' text box. 
Minimum roughness other than the Ra specified in the F text box. 


Machining allowance. 


Exercise 23-10 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 23-10. 


Inventor refers to rectangular coordinate dimensioning without dimension lines as 
ordinate dimensioning. Use the Ordinate Dimension or Ordinate Dimension Set tools to 
apply ordinate dimensions. See Figure 23-18. The Ordinate Dimension tool creates separate 


Figure 23-18. 
Placing ordinate dimensions using the Ordinate Dimension or Ordinate Dimension Set tool 
involves similar initial steps. Turn off the visibility of the origin indicator if it is not needed. 


Pick to place dimensions 


3. Pick the 4. Pick the 5. Pick the , A 2 Q e 2 2 8 
first second third S anoo Ə © = ss 
object object object 
1.625 
1.000 
— SD 
.000 
2. Pick the 1. Pick the 6. Pick the Additional 
origin view last object baseline dimensions 
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Ribbor 


rectangular 
coordinate 
dimensioning 
without dimension 
lines (ordinate 
dimensioning): 
Dimensioning in 
which dimension 
values are placed at 
the end of extension 
lines, providing 
coordinates from 
established planes or 
the axis of a feature. 
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| origin: The 0,0 
point, or datum, 
which is typically m 


~ corner of the part or 
the axis of a feature. 


` table: An 
arrangement of 
rows and columns 
that organize data 
to make it easier to 
read. 


tabular 
dimensioning: A 
system of ordinate 
dimensioning in 
which coordinate 
dimensions and 
size dimensions 
are given in a table 
and correlated to 
features on the 
- drawing with a tag. 


hole table: 

A common 

form of tabular 
dimensioning that 
specifies the size 
and location of 
holes using a table. 
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dimensions. The Ordinate Dimension Set tool creates a group of dimensions that act more 
like one unit and includes options for adding and removing dimensions from the set. 

Once you access the preferred tool, pick a view, and then select the origin. You must 
select a view because each view must have an origin. Then pick each object to dimen- 
sion. Typically, the order in which you select features does not matter, but remember 
to select origin geometry to include. See Figure 23-18. Next, right-click, pick Continue, 
and pick a location to place the dimensions. Several additional shortcut menu options 
are available when you are using the Ordinate Dimension Set tool. If necessary, you can 
add dimensions to the group while using either tool by picking additional features. To 
exit the Ordinate Dimension tool, press [Esc], right-click and select Done, or access a 
different tool. To exit the Ordinate Dimension Set tool, right-click and select Create. 

Ordinate dimensions created using the Ordinate Dimension tool are independent 
from other dimensions. However, dimensions placed using the Ordinate Dimension Set 
are grouped and act as a single unit. Right-click on ordinate dimensions created using 
the Ordinate Dimension Set tool to access several options for adding and removing 
dimensions and for adjusting the order and appearance of the set. 


Turn off the visibility of the origin indicator by right-clicking on the 
origin indicator or an ordinate dimension and selecting Hide Origin 
Indicator. 


Exercise 23-11 


Access the Student Web site (www.g-wlearning.com/CAD) and : 
complete Exercise 23-11. 


Tables are commonly used for a variety of drafting applications, including tabular 
dimensioning, a bill of materials or parts list, or a revision history block. Some tools allow 
you to extract model data to form a table. For example, you can create a hole table from 
| hole features or a bend table from sheet metal bends in a view. You can also create general 
tables for other applications. The following information focuses on hole, bend, and general 
tables. You will learn to create parts lists and revision history blocks in Chapter 24. 


Hole Tables 


The Hole Table — Selection, Hole Table — View, and Hole Table — Selected Feature tools 


*| allow you to extract hole features to a hole table. See Figure 23-19. The Hole Table — 


Selection tool allows you to select specific hole features in a systematic order. The Hole 
Table — View tool selects all hole features automatically when you pick a view. The Hole 


- | Table - Selected Feature tool allows you to select a hole, and then adds all holes with 


the same parameters to the table. Hole table tools do not fully dimension a view. You 


must still add centerlines, center marks, and other dimensions. 


Once you access the preferred tool, pick a view and select the origin (unless you 
already specified the origin, such as when creating ordinate dimensions). In the Hole 


| Table — Selection tool, the next step is to pick each hole feature to include in the table. 


In the Hole Table — Selected Feature tool, the next step is to pick each hole feature 
to include in the table, but you only need to select one instance of repetitive holes. 
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Figure 23-19. 

A—Using a hole table tool to create a hole table. B—Completing the drawing with center 
marks and ordinate dimensions. Notice the changes made to the position of the tags. This 
was done by dragging the tags to a new location. 


3 or 4. Place the table, depending 


3. Pick features or place the on the active tool 
1. Pick the ` table, depending on the 
view active tool HOLE TABLE 


HOLE | XDIM DESCRIPTION 


HOLE TABLE 
HOLE | XDIM | YDIM DESCRIPTION 


Ø3 THRU 


Ø3 THRU 


Ø3 THRU 
Ø3 THRU 


Inventor selects all additional holes of the same type. Both tools require that you select 
holes in a systematic order beginning with the first hole to list. Once you select all of 
the holes to include, right-click and pick Create to attach the table to the cursor. In the 
Hole Table — View tool, Inventor selects all hole features in the model and attaches the 
table to the cursor. Pick a location on the sheet to create the table and tags. 

The appearance of the table, tags, and feature note properties are initially set 
according the selected origin and features and the active standard. You can adjust 
most display characteristics and override the default style. Select, double-click, or use 
the extensive list of shortcut menu options to make changes. Common examples of 
adjusting a tag include dragging the tag to a new position or away from the hole to 
connect the tag to a leader. You can also hide tags and edit tags using the Format Text 
dialog box. Common examples of adjusting the table include dragging cell edges to 
change row and column spacing and re-sorting table contents when the model and 
drawing change. You can also split a long table, edit the contents of a cell, add or 
remove rows and columns, and export the table as a .txt or .csv file. Explore each option 
as needed to control the appearance of the table and data provided by the drawing. 


Exercise 23-12 


Access the Student Web site (www.g-wlearning.com/ CAD) and 
complete Exercise 23-12. 


Chapter 23 Dimensioning Part Drawings = «<5 87 


Ribbon Bend Tables 


Annotate 
> Tan Es Access the Table tool to extract sheet metal bend features to a bend table. See 


Figure 23-20. Select a sheet metal view containing bends to acquire model data. You 
have the option of selecting a different source file and, in some cases, a different set 
} of data to create a different table. The default bend table includes the bend ID, based 

pand table: tes On the sequence specified in the model, and the direction, angle, and radius. Pick the 
the location and = Columns Chooser button to make changes to the available columns and column order. 
eno sheet The Bend ID area allows you to use numbers or letters to indicate each bend and add 
a prefix if necessary. Pick the OK button and select a location for the table. You can 
make changes to bend tags and the bend table using techniques similar to those for 
modifying a hole table. 


General 


General Tables 


The Table tool also allows you to create blank tables without picking a view or 
referencing drawing or model data. Specify the number of columns in the Columns 
text box and the number of data rows in the Data Rows text box. Then pick the OK 
button and select a location for the table. See Figure 23-21A. You are responsible for 
adding content to the table. You can also adjust most display characteristics and over- 
ride the default style. 

Most table editing options are controlled in the Edit Table dialog box, shown in 
Figure 23-21B. Access this dialog box by double-clicking on the table or right-clicking 
on the table and selecting Edit. Type values in the cells to add content to the table. 
The Edit Table dialog box includes several buttons and settings for controlling table 
display and adding or removing data. Right-click on a column, row, or cell to access 
context-sensitive options. Explore each option as needed to control the appearance of 
the data. 


Exercise 23-13 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 23-13. 


Figure 23-20. 
An example of a drawing with bend parameters extracted from the model to form a bend 
table. 
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Figure 23-21. 
A—Creating a general table using the Table tool. B—Using the Edit Table dialog box and the 
many adjustment and control options to finalize a general table. 
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` Pick to Pick to override 


Pick to access 
the SortTable export the table layout using or stretch the size of 
dialog box asa.txtor the Table Layout columns or rows 
csv file dialog box 
B 
GD&T 


For information about using geometric dimensioning and 
tolerancing (GD&T) tools, go to the Student Web site (www. 
g-wlearning.com/CAD), select this chapter, and select GD&T. For 
complete coverage of GD&T, refer to Geometric Dimensioning and 
Tolerancing, by David A. Madsen, published by Goodheart-Willcox 
Company, Inc. 
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geometric 
dimensioning 
and tolerancing 
(GD&T): The 
dimensioning and 
tolerancing of 
individual features 
of a part in which 
the permissible 
variations relate 
to characteristics 


of form, profile, 


orientation, runout, 
or the location of 
features. 
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Manage 
> Define 


Ribbon 
Annotate 
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You can create your own drawing symbols for applications when default symbols 


| are unavailable or inappropriate. For example, your drawings may require company- 


or industry-specific symbols, such as those shown in Figure 23-22. Access the Create 
New Symbol tool to develop a custom symbol. Use sketch tools as you do in other 
sketch environments to create a symbol. Finish the sketch to create the symbol and 
display the Sketched Symbol dialog box. See Figure 23-23A. Type the symbol name in 
the Name text box and pick the Save button to create the symbol. The Discard button 
deletes the sketch and cancels the tool. 

The Sketched Symbols folder in the Drawing Resources folder in the browser 
contains all sketched symbols. See Figure 23-23B. To insert a symbol, double-click the 
symbol name in the browser or right-click on the symbol name and select Insert. Then 
pick to locate symbols. Press [Esc], right-click and select Done, or access a different tool 
to exit. 


User Defined Symbol Tool 


Another method for placing symbols is to access the User Defined Symbol tool to 
display the Symbols dialog box. See Figure 23-23C. Select the symbol to insert from 
the Symbols list box. To change the size of the symbol, pick the Scale button and 
specify a scale factor in the Scale text box. To change the angle of the symbol, pick 
the Rotate button and specify a rotation angle in the Rotate text box. Check Symbol 
Clipping to trim dimensions away from the symbol when you insert the symbol over 
dimensions. Check Static to remove the ability to rotate or resize the symbol. Check 
Leader to add a leader to the symbol. Toggle the visibility of the leader by selecting or 
deselecting the Visibility check box. Pick the OK button to place the symbol. 


Figure 23-22. 


Examples of custom 
drawing symbols. i | ~ 
E 


Figure 23-23. 
A—The Sketched 
Symbol dialog 

box. B—Symbols 
contained in the 
Sketched Symbols 
folder. C—The 
Symbols dialog box. 
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To locate the symbol at the selection without a leader, press [Enter] or right-click 
and select Continue. To connect the symbol to a leader, pick points as needed, and then 
press [Enter] or right-click and select Continue. Press [Esc], right-click and select Done, 
or access a different tool to exit. 


You can rotate a non-static symbol inserted using the Symbols | 
dialog box by selecting the symbol and dragging the blue grip to | 
the desired angle. Scale a non-static symbol by dragging one of the | 
yellow dots. Use the green grip to move a symbol. | 


Exercise 23-14 


"Access the Student Web site (www.g-wlearning.com/CAD) and — 
complete Exercise 23-14. 
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ii 
2. 
3. 
4. 


E% Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


What is a dimension? 

Briefly describe model dimensions. 

Describe drawing dimensions. 

Describe the function of the Retrieve all model dimensions on view placement check 
box on the Drawing tab of the Options dialog box and the All Model Dimensions 
check box on the Display Options tab of the Drawing View dialog box. 

Explain what happens when you right-click on a view and select Automated 
Centerlines.... 

Define baseline dimensioning. 

Explain the use of specific notes on a drawing. 


. Define general notes and identify where they appear on a drawing. 
. Describe the use of leader lines. 
- Explain how holes are normally dimensioned, and include an example of hole 


dimension text. 


. Define chamfer. 


How are chamfers at angles other than 45° dimensioned? 

Define surface finish. 

Describe a surface finish symbol. : 

Briefly describe rectangular coordinate dimensioning without dimension lines 
and give the name used by Inventor for this type of dimensioning. 

What is the origin? 

Describe tabular dimensioning. 

Briefly describe a hole table. 

What is the basic function of a bend table? 


- Explain how to connect a symbol to a leader and how to place a symbol without a 


leader. 
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Problems 


Instructions: 


Open the specified drawing file and save the file using the given name. 
Create or adjust drawing views as needed. 


Dimension the drawings exactly as shown. Remove or modify existing dimensions as 
shown. 


e Update the title block and general note content as needed. 
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3. Title: C-CLAMP SWIVEL 
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Learning Objectives 


After completing this chapter, you will be able to do the following: 
Create assembly and weldment drawing views. 

Add a parts list and balloons. 

Place welding symbols and weld annotations. 

Use multiple sheets in a drawing file. 

Document engineering changes. 

Print and plot drawings. 


SS Sa 


| working drawings: 
A set of drawings 
that includes 

_ drawings for each 
component and 


This chapter explores the process of creating assembly and weldment drawings, 
which are usually included in a set of working drawings. Multiple sheets allow you 
to prepare a set of drawings in a single drawing file. You will also print drawings and 
use revision history tools to document engineering changes. 


an assembly or 
= weldment drawing 
- with a parts list. 


The tools and options for creating an assembly drawing are the same as those for | assembly drawing: 


: h A two-dimensional 
a part drawing, except that you reference an assembly or presentation model. Prepare $ representation of an 


a sheet by adjusting the sheet size and other parameters and inserting a border and * #8s°™Y- 
title block. Use the Base View tool to add the primary assembly view. Then add addi- 

tional views, such as sections, as needed to document the product. 

Base Views Rar 


Place Views = 
Access the Base View tool to create a base assembly view using the Drawing View | >ereate 
dialog box. See Figure 24-1. Use the options in the Component tab to select an assembly 
file (*.iam), shown in Figure 24-1A, to display an assembly view. Select a presentation 
file (*.ipn), shown in Figure 24-1B, to create an exploded assembly drawing. You can 
select a currently open file from the File drop-down list. To reference a model that is 
not open, pick the Browse button to locate and select the file. The file then appears in 


the File drop-down list. 


| exploded 

_ assembly drawing: 
A representation 

of an assembly in 
an unassembled 

© configuration. 
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` reference data: 

An assembly 
component included 
, for reference 
purposes only. 

' Reference data is 

_ given a reference 
status in the bill of 

© materials. 
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Figure 24-1. 


A—Using the Base View tool to create a general assembly view by referencing an assembly 
model. B—Using the Base View tool to create an exploded pictorial assembly view by 
referencing a presentation model. 
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The content of the Component tab varies depending on the model you select. When 
you select an assembly, the Representation area appears, allowing you to pick the appro- 
priate design view, position, and level-of-detail representation. Pick the Associative 
check box to update the drawing view when you make changes to the design view 
representation in the model. When you select a presentation file, the Presentation View 
list box appears, allowing you to select the appropriate presentation view. Pick the 
Associative check box to update the drawing view when you make changes to the 
presentation view. 

When you select an assembly or presentation file, the Model State tab provides a 
Reference Data area that allows you to select how to treat reference data in the base 
view. The Display Options tab contains multiple check boxes corresponding to items in 
the selected model that you can display in the base view. The View Justification drop- 
down list allows you to override the default position of the base view, as specified in 
the Drawing tab of the Options dialog box. The Section Standard Parts drop-down lists 
allow you to override the standard part sectioning in the base view, as specified in the 
Drawing tab of the Options dialog box. 
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The Orientation, Scale, Label, and Style areas function the same as when you 
create a base part view. For a typical multiview drawing, such as a general assembly 
drawing, working drawing, erection assembly drawing, or exploded multiview 
drawing, display a standard view as the base view. You can then project additional 
views as needed. For a pictorial assembly drawing, select an isometric view, or create 
a custom view if necessary. To place the base view, pick a location in the graphics 
window or pick the OK button. 


The Hidden Line Removed view style option is commonly used for 
assembly drawings, but you must display items using options in 
the Display Options tab to represent features, such as threads. 


Right-click on an assembly view in the browser or graphics 
window and select Apply Design View... to open the Apply Design 
View Representation dialog box, where you can change the design 
view representation. Expand the assembly drawing view node in 
the browser to access assembly components and features in the 
drawing environment. 


Exercise 24-1 


Access the Student Web site (www.g-wlearning.com/CAD) and — 
complete Exercise 24-1. 


Exercise 24-2 J 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 24-2. 


Adding Views 


Once you place the base assembly view, add views using the same tools and 
general processes used to add views to a part drawing. Include additional base views, 
project views, and create auxiliary, section, detail, and break views as needed. To 
create a single sectioned assembly view, place a base view where the cutting plane 
will be placed, outside of the sheet. Then cut the base view and position the sectional 
view on the sheet. See Figure 24-2. To display certain components without sectioning, 
such as the pin shown in Figure 24-2, right-click on the component in the browser and 
select None from the Section Participation cascading submenu. Adjust hatch patterns 
as needed to differentiate components and material. 


You can control the sectioning characteristics of standard parts in 
an assembly section view by modifying the Section Standard Parts 
variable on the Display Options tab of Drawing View dialog box. 
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| general assembly 


drawing: An 
assembly in 
multiview format 
that shows the fully 


» assembied product. 


= working drawing 


(detail assembly 


- drawing): An 


assembly drawing 
that includes details 
of each assembly 
component on the 
same page as the 


- assembly. 


erection assembly 


drawing: An 
assembly drawing 


. that includes 
< dimensions 


and fabrication 
specifications. 


_ pictorial assembly 


drawing: An 
assembled or 
exploded assembly 
drawing that shows 
a pictorial view of an 


' assembly, such as 


a single isometric 


- view, instead of 
+ multiple views. 
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Figure 24-2. 


Creating a single sectional assembly. Notice that section view participation has been removed 
from the pin, showing the pin in the appropriate unsectioned format. 
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Drawing views that 

_ document product 

' design by showing 
an assembly in more 
than one position Overl ay Views 
_ ona single sheet, 

typically using 
phantom lines to 


The Overlay View tool allows you to create alternate position drawing views, 


paon alienate also known as multiple position drawing views, using the Overlay View dialog box. 
positions. 


See Figure 24-3. An overlay drawing view references a positional representation in 
Kibbog the assembly model. Select a view if you have not already, and then pick a positional 
representation from the Positional Representation drop-down list. 

Use the View Representation drop-down list to select a design view representation 
to use for the overlay view. Pick the Associative check box to update the drawing view 
when you make changes to the design view representation in the model. Apply a name 

r RTT different from the positional representation name by deselecting the Use Positional 
Rep Name check box and entering a new name in the Label text box. Use the Toggle 
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Figure 24-3. 

An example of creating an alternate position drawing by adding overlay views to a base 
view. Use the Overlay View dialog box to reference positional representations in the assembly 
model. 
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Layer: las Overlay 


Label Visibility button to display the view label, and use the Edit View Label button to 
make changes to the default label. 

Specify the style of view geometry in the Style area. The Style from Base check 
box sets the overlay view style according to the selected assembly view style. Use the 
Layer drop-down list to select the layer assigned to overlay view geometry. The As 
Overlay layer option is appropriate for most applications, but you can pick the As Parts 
option to use the same layers that are applied to drawing views. Pick the OK button to 
create the overlay view. 


Exercise 24-3 = 


Access the Student Web site (www.g-wlearning.com/CAD) and | 
complete Exercise 24-3. 


| parts list: A 

| record of assembly 
components with 
item numbers keyed 
= to components in 
the drawing views. 


An assembly drawing typically includes a parts list. See Figure 24-4. A parts list 
provides different information depending on the application and company standards. 
It may include columns that specify item number, quantity, part number, drawing 
number, description, and material. Additional product- or company-specific items 
may also appear, such as vendor information and other purchase part content. Each 
row identifies a different component. 
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Figure 24-4. 
An assembly drawing typically includes a parts list that is keyed to components to indicate 
assembly and component specifications. 
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E a wie The Parts List tool allows you to extract information from an assembly’s bill of 


gra pe materials (BOM) to create a parts list. The BOM references data from the assembly 


specifications and each component. For example, the BOM calculates a quantity of 3 if an assembly 
requiredto ~ includes three of the same components, and displays the part number assigned in the 
assembly. component properties. Adjust the BOM and confirm assembly properties and param- 


eters before adding a parts list. You can access the BOM from within an assembly file 
using the Bill of Materials tool. To access the BOM from within the drawing, right-click 
on an assembly view or a parts list and select Bill of Materials.... Figure 24-5A shows 
_ | the BOM associated with the drawing and corresponding assembly model shown in 
Figure 24-4. 

You can adjust the contents and format of the parts list independently of the BOM, 


| but for most applications, the information that appears in the BOM should be the same 

| as that in the parts list. The BOM is a convenient location to edit parts list data para- 
| metrically. For example, to change a part number, enter a new value in the appropriate 
| text box in the Part Number column of the BOM. The part number updates in the model 
file, which you can observe in the iProperties dialog box. An alternative is to make 
changes directly in the component files. Figure 24-5B describes basic options available 
in the BOM. 


The BOM includes many other options and settings that you can 
explore as needed. For example, you can drag and drop and resize 
columns and rows. Many options are available when you right-click 
on a tab, column, row, or cell. 
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Figure 24-5. 

A—A parts list references the content of the assembly model bill of materials, which extracts 
information from the assembly and each component. B—Basic options available in the Bill of 
Materials dialog box. 
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Create Expression 


Displays the Sort dialog box, from which you can modify the 
BOM order. Select the property to sort, such as Item, from 
the Sort by drop-down list, and specify ascending or 
descending order. If necessary, identify properties to sort 
second or third using the Then by areas. 


ay Displays the Item Renumber dialog box, from which you can 
renumber items according to a specified start value and 
Renumber increment. 


Displays the Customization dialog box. Drag and drop a 
property from the dialog box to a location in the BOM to add 
Choose Columns a column. 


B Displays the Add Custom iProperty Columns dialog box, from 
which you can add a custom iProperty column when a 

Add Custom column is unavailable from the Customization dialog box. 
iProperty Columns 


Prepare the BOM before inserting a parts list to automate parts list 
definition. Use the BOM as a means of adjusting component proper- 
ties without opening each component. 
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Parts List Tool 


Access the Parts List tool and select a view to display the Parts List dialog box. 
See Figure 24-6. For applications in which the drawing does not include an assembly 
view, such as when the sheet displays only a parts list, choose a model using the Select 
Document drop-down list or Browse button. The BOM Settings and Properties area 
allows you to select display options and specify how components are extracted from 
the BOM. Pick an option from the BOM View drop-down list to choose the format to 
extract from the BOM. 

The Level drop-down list is available when you pick the Structured format. 
Choose the First Level option to display parts and subassemblies, but not subassembly 
components. The Min. Digits drop-down list allows you to select the number of digits, 
from 1 to 6, to use for item numbering. Choose the All Levels option to display parts 
and subassemblies, with subassembly components nested under the subassembly. The 
Delimiter drop-down list allows you to specify the delimiter used to identify subas- 
sembly components. 

The Numbering drop-down list is available when you pick the Parts Only format. 
Choose the Numeric option to identify parts with numbers, and use the Min. Digits 
drop-down list as needed. Choose the Alpha option to identify parts with letters, and 
use the Case drop-down list to select uppercase or lowercase letters. The Structured 
(legacy) and Parts Only (legacy) options allow you to apply a structured or parts only 
format as appropriate for previous versions of Inventor. 

The Table Wrapping area includes options for wrapping, or dividing, a long parts 
list. Pick the Enable Automatic Wrap check box to wrap the parts list. Then choose the 
Maximum Rows radio button to split the parts list when the number of rows defined 
in the Maximum Rows text box is greater than the number of rows in the parts list. An 
alternative is to pick the Number of Sections radio button to split the parts list into the 
number of sections defined in the Number of Sections text box. Pick the Left or Right 


Figure 24-6. 
Using the Parts List tool and dialog box to add a parts list. 
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Figure 24-7. 
An example of a parts list wrapped to create two sections. 
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radio button to specify the side to which the rows are wrapped. Figure 24-7 shows an 
example of a parts list with two sections, wrapped to the right. 

Pick the OK button to insert the parts list. A rectangle representing the parts list 
appears, attached to the cursor. The parts list should snap to a border, title block, or 
similar object to aid placement. Pick the location to generate the parts list. 


Adjusting a Parts List 


The BOM sets the default contents of parts list cells. The parts list style assigned to 
the active standard controls all other appearance characteristics, including the default 
columns. If the parts list does not appear correct, make changes to the parts list style 
assigned to the active standard and reinsert the parts list. You also have the option of 
adjusting the parts list for unique applications. Common examples of adjusting a parts 
list include dragging cell edges to change row and column spacing and re-sorting 
table contents when the model and drawing change. You can also override the contents 
of a cell, add or remove rows and columns, and export the parts list as a .txt or .csv 
file. Explore each option as needed to control the appearance of the parts list and data 
provided by the drawing. 

The Edit Parts List dialog box, shown in Figure 24-8A and accessed by double- 
clicking on the parts list or right-clicking on the parts list and selecting Edit Parts 
List..., controls most editing options. Figure 24-8B describes basic options available in 
the Edit Parts List dialog box. Typing values in cells overrides the default properties 
specified in the BOM, as indicated by blue lettering and highlighting. A yellow back- 
ground appears when the values you enter create discrepancies. Pick the OK button to 
accept the changes and exit the dialog box. 


Avoid overriding default parts list values whenever possible. Save 
changes to the BOM when possible. 


The Edit Parts List dialog box includes many other options and 
settings that you can explore as needed. Many options are available 
when you right-click on a tab, column, row, or cell. 


Exercise 24-4 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 24-4. 
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Figure 24-8. 
A—The Edit Parts List la box. B—Basic popa available in the Edit Parts List dialog box. 
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Opens the F Parts List Column Chooser r bon used to Sada 
columns to or remove columns from the parts list. 


Opens the Group Settings dialog box to control, via the parts 


list, the display of separate assembly drawing components with 
the same properties. 


Displays the Filter Settings dialog box, from which you can 
filter to exclude all except specific items from appearing in the 
parts list. 


Displays the Sort dialog box, from which you can modify the 
parts list order. Select the property to sort, such as Item, from 
the Sort by drop-down list, and specify ascending or descend- 
ing order. If necessary, identify properties to sort second or 
third using the Then by areas. 


Opens the Parts List Table dialog box, which allows you to 
override a variety of parts list layout characteristics. 
Table Layout 


Overrides the sort option, value edits, or other numerical 
modifications, in order to renumber the parts list. 


Renumber Items 


Pick to save changes to the BOM for values that can be saved to 
the BOM. 


Save Item Ovëiridës 
to BOM 


Exercise 24-5 pe 


Access the Student Web site (www.g-wlearning. com/CAD) and 
complete Exercise 24-5. 
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Balloons key the parts list to components in assembly views. The parts list and 
corresponding balloons usually reference the same data. When you change the order 
or value of item numbers in the BOM, both the parts list and the balloons change to 
reflect the edit. You can place balloons before or after you place the parts list. When you 
add balloons after a parts list, fewer settings are available because you have already { 
established the link between the parts list and balloon data and the assembly model. 
You will notice the same effect when you place a parts list after balloons. 


Balloon Tool 


Access the Balloon tool to add balloons individually. Pick a component at the loca- 
tion where you want the leader to point. If the drawing already includes a parts list 
linked to the view, the BOM Properties dialog box does not appear and you are ready 
to place the first balloon. If you have not already added a parts list, the BOM Properties 
dialog box appears. The Source area contains the File display box, which identifies 
the location of the file associated with the selected drawing view and corresponding 
BOM. The BOM Settings area provides the same options available in the BOM Settings 
and Properties area of the Parts List dialog box. It allows you to specify how compo- 
nents are extracted from the BOM and to select display options. Pick the OK button to 
continue the process of adding balloons. 

Pick a location for the balloon and then press [Enter] or right-click and select 
Continue to create the balloon. See Figure 24-9. Press [Esc], right-click and select Done, 
or access a different tool to exit. When placing additional balloons, use point align- 
ment and angle snaps to help align and organize balloons in an easy-to-read format. 


Auto Balloon Tool 


Access the Auto Balloon tool to add all balloons to a view using the Auto Balloon 
dialog box. See Figure 24-10. Use the Select View Set button to pick a drawing view. 
Then select the Add or Remove Components button and select each component to 
receive a balloon. You can pick components in the graphics window or the browser. 
To deselect components, hold down [Ctrl]. The Ignore Multiple Instances check box is 
active by default, which does not allow you to attach balloons to multiple instances of 
components individually. For example, if an assembly contains three of the same bolts, 
only one bolt will receive a balloon if you check Ignore Multiple Instances. 


Figure 24-9. 
Placing balloons using the Balloon tool. Notice the alignment and organization of balloons in 
an easy-to-read format. 
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Figure 24-10. 
Using the Auto Balloon tool and dialog box to place balloons. Notice how the balloon 
arrangement and location at which the leader points may not be ideal. 
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Next, define how the balloons are arranged around the assembly view using 
options in the Placement area. Pick the Around radio button to place balloons around 
the assembly in a rectangular configuration. Select the Horizontal radio button to place 
balloons horizontally aligned with each other at the distance specified in the Offset 
Spacing text box. Choose the Vertical radio button to place balloons vertically aligned 
with each other at the distance specified in the Offset Spacing text box. Figure 24-10 
shows examples of each placement option. Then use the Select Placement button to 
pick a location for the balloons. 

The BOM Settings area includes the same settings available in the BOM Properties 
dialog box. The Style Overrides area allows you to override the default balloon display. 
Select the Balloon Shape check box and then pick a balloon type button to use a different 
balloon style. Pick the User-Defined Symbol button to choose a sketched symbol from 
the Symbols drop-down list. The available symbols correspond to drawing sketched 
symbols. Pick the Apply button to create balloons and remain in the tool. Pick the OK 
button to exit. 


Adjusting Balloons 


The BOM and parts list set the default contents of balloons, which is typically an 
item number corresponding to the parts list. The balloon style assigned to the active 
standard controls all other appearance characteristics. If the balloons are not correct, 
make changes to the balloon style assigned to the active standard. You can also adjust 
balloons for unique applications. Double-click or right-click on a balloon and select 
Edit Balloon... to access the Edit Balloon dialog box. See Figure 24-11. 
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Figure 24-11. 
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Deselect the Override Shape (by style) check box to override the default balloon 
settings. Pick a balloon type button to use a different balloon style. Pick the User-Defined 
Symbol button to choose a sketched symbol from the Symbols drop-down list. The available 
symbols correspond to drawing sketched symbols. You can override the current balloon 
value and the corresponding value in the parts list using the Item text box. Another option 
is to change the balloon value only, leaving the parts list number intact, using the Override 
text box. Pick the OK button to accept the changes and exit the dialog box. 


Avoid overriding default balloon and parts list values whenever 
possible. 


You can relocate or delete a balloon or override a leader arrowhead 
using techniques similar to those for controlling other dimensions, 
such as leader notes. 


Aligning Balloons 


Adjust balloon alignment and organization to create an easy-to-read pattern when 
possible. Repositioning balloons is especially common when you use the Auto Balloon 
tool. Drag a balloon or the end of the leader to a new position as needed. You can use 
point alignment and angle snaps to arrange balloons while dragging. Another option 
is to select balloons to align and then right-click and pick an alignment option from 
the Align cascading submenu. The Vertical option aligns balloons vertically, and the 
Horizontal option aligns balloons horizontally. The Vertical Offset option aligns and 
offsets balloons vertically, and the Horizontal Offset option aligns and offsets balloons 
horizontally. The active standard controls the offset distance. Alignment options are 
similar to those available for the Auto Balloon tool, as shown in Figure 24-10. 


Grouping Balloons and Adding Leaders 


You can group balloons for closely related clusters of components, such as a bolt, 
washer, and nut. See Figure 24-12. Grouped balloons share the same leader, which 
typically connects to the most apparent or only visible component. To group balloons, 
right-click on a balloon that will maintain the current leader and position, and then 
pick Attach Balloon. Then select an additional component from the browser or graphics 
window. When you see the new balloon, pick the side of the existing balloon on which 
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Figure 24-12. 

These grouped 
balloons identify the 
bolt, nut, and washer 
in this view. 


you want the new balloon to occur. To remove an attached balloon, right-click on the 
balloon to delete and select Remove Balloon. 

Usually, one leader attaches to a balloon or group of balloons. However, you can 
add leaders by right-clicking on a balloon or balloon leader and selecting Add Vertex/ 
Leader. Then pick the start point of the new leader and select a point on the existing 
balloon to connect the leader. See Figure 24-13. To remove a leader, right-click on the 
balloon, select Delete Leader, and then pick the leader to remove. 


Exercise 24-6 


Access the Student Web site (www.g-wlearning.com/CAD) and | 
complete Exercise 24-6. 


Exercise 24-7 


Access the Student Web site (www.g-wlearning.com/CAD) and : 
complete Exercise 24-7. 


Figure 24-13. 
Adding a leader to a Existing balloon 
balloon. 
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You can add weld symbols to an assembly drawing to create a weldment drawing. 
However, for most applications, you should begin the process of developing a weld- 
ment drawing by creating a base view from a weldment model. Then add views, a 
parts list, and balloons as you would when preparing an assembly drawing. Weld- 
ment drawings also include welding symbols and other weld-specific annotations. See 
Figure 24-14. 

To create the initial weldment view, access the Base View tool and select a weld- 
ment model (*.iam file) using options in the Component tab of the Drawing View dialog 
box. The Representation area functions the same as for adding an assembly base view, 
except the Position list box is unavailable because weldment components are fixed. As 
shown in Figure 24-15, the Model State tab provides a Weldment area in addition to 
the Reference Data area available for placing an assembly base view. Select the radio 
button corresponding to the weldment development stage you want to represent in the 
view. The Components drop-down list becomes enabled when you select the Preparations 
radio button. Pick the Assembly option to display the entire prepared assembly, or 
choose individual components to show specific prepared components. 

The Display Options tab contains Model Welding Symbols and Weld Annotations 
check boxes specific to creating a weldment drawing. Pick the Model Welding Symbols 
check box to display welding symbols from the model in the view. Select the Weld 
Annotations check box to include items such as bead representations, caterpillars, 
and end fills. The Orientation, Scale, Label, and Style areas function the same as for 


Figure 24-14. 
An example of a dimensioned weldment drawing with welding symbols and weld 
annotations extracted from the model. 
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Figure 24-15. 


Using the Base View tool to create a weldment view by referencing a weldment model. 
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creating an assembly base view. To place the base view, pick a location in the graphics 
window or pick the OK button. 


Model Welding Symbols and Weld Annotations 


Welding symbols and weld annotations often occur in a weldment model. You 
can extract model welding symbols and weld annotations that are planar to a drawing 
view by selecting the Model Welding Symbols and Weld Annotations check boxes from 
the Display Options tab of the Drawing View dialog box. You can also right-click on a 
view in the browser or graphics window and select the Get Welding Symbols and Get 
Weld Annotations options from the Get Model Annotations cascading submenu. 

To make changes to model welding symbols or weld annotations, edit the model 
or adjust the active standard. Use model dimension editing operations to adjust or 
hide model welding symbols or weld annotations. To hide all model welding symbols 
or weld annotations, right-click a view in the browser or graphics window and dese- 
lecting Model Welding Symbols or Model Annotations from the Annotation Visibility 
cascading submenu. You can make basic changes to a model caterpillar by double- 
clicking or right-clicking on a weld bead representation and selecting Edit Caterpillar... 
to display the Weld Caterpillars dialog box, explained later in this chapter. 


You cannot adjust welding symbols or weld annotations in the 
drawing environment to make changes to welds in the model. 
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Exercise 24-8 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 24-8. 


End Fills 


Use the End Fill tool to add end fills if model annotations are unavailable. The EEZ 
Type tab of the End Fill dialog box is shown in Figure 24-16A. Select an end fill shape |* SSmbois 
button from the Preset Shape area, and then use the options in the Size area to specify ma 
the size of the end fill. An alternative is to sketch a region to represent the end fill by m 
picking the Custom Shape button in the Custom Shape area. End Fit 

Pick the Options tab, shown in Figure 24-16B, and use the settings in the Fill area 
to define the end fill display characteristics. Check Solid Fill to add a solid fill to the 
region, or use the Hatch drop-down list and Scale text box to specify the appearance 
of a hatch pattern. The Color button allows you to override the default color using 
the Color dialog box. To create the end fill, pick one or two points on drawing view 
objects, depending on the shape, and then select the side on which to add the end fill. 

See Figure 24-16C. Pick the Apply button to create the end fill and remain in the tool. 
Pick the OK button to exit. 


> caterpillar: 2D 
- representation 
of a weld bead 


Caterpillars 
perpendicular to the 


Use the drawing Caterpillar tool to add caterpillars if model annotations are unavail- I iine of sight. 
able. The Style tab of the Weld Caterpillars dialog box is shown in Figure 24-17A. Use RUIS 
the Edges button to pick edges in the drawing to place the caterpillar. The Start/Stop | Annstate 
à i > Symbols 
button allows you to select points where the weld begins and ends. Use the Direction D 


Caterpillar 


Figure 24-16. 
A—The Type tab of the End Fill dialog box. B—The Options tab of the End Fill dialog box. 
C—Creating a V-type end fill. 
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button to redefine the weld flow direction. Pick the Partial button to place a caterpillar 
next to an edge, such as when representing a fillet weld. Select the Full button to place 
a caterpillar along both sides of an edge, such as when representing a V- or square- 
groove weld. Check Stitch to define an intermittent weld. 

Pick the Options tab, shown in Figure 24-17B, and use the text boxes and flyout in 
the Legs area to specify the width, angle, arc percentage, spacing, and line weight of 
the caterpillar. The Stitch Options area is available if you check Stitch in the Style tab, 
and allows you to create an intermittent weld bead by specifying the length of each 
weld bead and the center-to-center distance between welds. Check Seam Visibility to 
display the edge hidden by the caterpillar. See Figure 24-17C. Pick the Apply button to 
create the caterpillar and remain in the tool. Pick the OK button to exit. 


Welding Symbols 


Use the Welding Symbol tool to add welding symbols if model welding symbols 
are unavailable. Create a welding symbol in a drawing using the same process you use 


| to create a welding symbol in a model. See Figure 24-18. The only difference between 
| the Welding Symbol dialog box in the model and drawing environments is that the 


Symbol area becomes available when you add a welding symbol to a drawing. Pick the 
Add button to insert an additional reference line. Use the Next and Previous buttons 


Figure 24-17. 
A—The Style tab of the Weld Caterpillars dialog box. B— The Options tab of the Weld 
Caterpillars dialog box. C— Creating a caterpillar. 
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Figure 24-18. 
Placing a welding symbol using the Welding Symbol tool and dialog box. 
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to navigate to different reference lines to add content. The Delete button allows you 
to remove a reference line. Pick the OK button to create the weld symbol. Press [Esc], 
right-click and select Done, or access a different tool to exit. 


Exercise 24-9 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 24-9. 


A set of working drawings generally includes an assembly or weldment drawing 
and detail drawings. You can use multiple sheets in a drawing file to store each 
document, similar to the process of storing prints or plots in a folder. This technique 
eliminates the need to create several drawing files for each drawing. Several options 
are available for developing a multiple-sheet drawing file. A common approach to 
starting a new set of drawings is to create the assembly or weldment drawing and then 
use blank sheets or sheet formats to add detail drawings. You can also insert existing 
sheets if available. 
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Adding a Sheet 


Access the New Sheet tool to insert a new sheet based on the characteristics of the 
active sheet. The new sheet is active and appears at the bottom of the list of sheets in 


| the browser. See Figure 24-19. All parameters, including the name, size, and drawing 


resource content, such as a border and title block, are copied from the active sheet 


| to the new sheet. You must recreate or copy and paste items not available from the 
Drawing Resources folder, such as general notes. 

If the drawing includes multiple sheets, activate the sheet to reuse when adding 
the new sheet by double-clicking on the sheet in the browser or right-clicking on the 
sheet and selecting Activate. If you do not want to use the same border and title block, 
use the Undo tool until the border and title block are removed. Access the Edit Sheet 
dialog box to make additional changes to the sheet. 


A sheet format allows you to create a new sheet with common sheet 
items such as border and title block, but also predefined views. 
Chapter 22 describes creating and using sheet formats. 


Copying and Pasting a Sheet 


Copying and pasting a sheet from a separate file brings the sheet with all informa- 
tion, including drawing views and annotations, into the new file. Copying and pasting 
sheets is common for converting individual drawing files to a single multi-sheet 
drawing and for reusing standard drawings. Open the drawing file with the sheet 
to copy, right-click on the sheet in the browser or graphics window, and select Copy 
or pick the sheet and press [Ctrl]+[C]. Next, with the source file still open, access the 
drawing file into which you want to place the copy, right-click on the graphics window 
or the file name in the browser, and select Paste or press [Ctrl]+[V]. 


Working with Multiple Sheets 


Figure 24-19 shows the browser display of a drawing file with five drawing sheets. 
The active sheet appears in the graphics window. Only one sheet can be active at a time. 
The order of sheets in the browser determines sheet number or page number. You can 
drag a sheet above or below another sheet to change the order. Sheet order also defines 
title block information when you are using drawing properties. For example, if the 
drawing includes five sheets, and each sheet has a title block with the Sheet Number 


Figure 24-19. 

An example of the 
browser display for 
a multiple-sheet 
drawing. 
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and Number of Sheets property fields, the first sheet in the browser is sheet 1 of 5, and 
the last sheet is sheet 5 of 5. 

Although you cannot copy a sheet within the same drawing file, in some situa- 
tions you may want to copy or move a view from one sheet to another. To copy a view, 
right-click on the view and select Copy or pick the view and press [Ctrl]+[C]. Right-click 
on the sheet on which you want to place the view and select Paste or press [Ctrl]+[V]. To 
move a view to a different sheet, drag and drop the view using the browser. A shortcut 
forms when you move a base or dependent view. The shortcut indicates that there is 
a relationship between two views in different sheets. To view the relationship, right- 
click on the shortcut icon in the browser and select Go To... to open the corresponding 
sheet. 


Exercise 24-10 _ ae 


Access the Student Web site (www.g-wlearning. com/CAD) and 
complete Exercise 24-10. 


Design changes are common throughout the life of a product. A revision history 
block and revision symbols allow you to document changes made to a design after 
release to manufacturing. See Figure 24-20. This textbook focuses on the following 
process to apply and document engineering changes: 


Figure 24-20. 
A part drawing with a revision history table and corresponding revision tags documenting 
engineering changes. 
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First Revision: 


eee - 1. Edit the model and all associated models according to the engineering change 
(ECR): The request (ECR). Change the revision number iProperty in the modified model 
. ae! from 0 to A. This will update the revision number on the drawing title block. 


' apartorassembly. 2., Add a revision history block to the affected sheet in the drawing. 
3. Place revision tags that correspond to the first revision. 
Second Revision: 
1. Edit the model and all associated models according to the ECR. Change the revi- 
sion number iProperty in the modified model from A to B. 
2. Add a row to the revision history block that corresponds to the second revision. 
3. Place revision tags that correspond to the second revision. 
Continue to apply the revision process as design changes occur. 


Revision Table 


Ribbon Access the Revision Table tool to create a revision history block using the Revision 
| Table dialog box. See Figure 24-21. Pick the Entire Drawing radio button to duplicate 
| the revision history on all sheets in the drawing file. All revision history blocks in the 
or, drawing that are created using the Entire Drawing option display the same informa- 
Revision | tion. You cannot add a unique revision to a specific sheet. The Entire Drawing option is 
appropriate only for applications in which a set of working drawings requires a global 
change. This textbook focuses on using the Active Sheet option to apply revisions that 
are independent of the drawing file and other sheets. The Active Sheet option provides 
more control over the content of the revision block per sheet and documents revisions 

on a sheet-by-sheet basis. _ 
Check Auto-Index to allow Inventor to assign a revision letter or number. Pick the 
Alpha radio button to apply the common system of letters, or pick the Numeric radio 
button to use numbers. Use the Start Value text box to specify the first revision letter 
or number. If you deselect the Auto-Index check box, you must edit the revision table 
to add a revision letter or number. Check Update Property on Revision Number Edit to 


Figure 24-21. 
Creating a revision history block using the Revision Table tool and dialog box. 
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add the appropriate revision letter or number to the Revision text box of the Edit Sheet 
dialog box. 

Pick the OK button to insert the revision table. A rectangle representing the revi- 
sion table extents appears, attached to the cursor. The revision table should snap to a 
border, which is most common, but you can also snap it to a title block or similar object 
to aid placement. Pick the location to generate the revision table. To add a row to the 
revision table, right-click on the revision table in the graphics window or browser and 
select Add Row. Use the Delete Row option to remove a row. 


A single sheet can include both an entire drawing revision block | 
and an active sheet revision block, but this practice is uncommon. | 


Adjusting a Revision Table 


The Revision Table dialog box and iProperties set the default contents of a revision 
table. The revision table style assigned to the active standard controls all other appear- 
ance characteristics, including the default columns. If the revision table is not correct, 
make changes to the Revision Table style assigned to the active standard. You also have the 
option of adjusting the revision table for unique applications. For example, the revision 
table shown in Figure 24-21 shows an override applied to the description value to refer- 
ence a sequential engineering change notice (ECN) number. If necessary, you can drag 
the revision table to reposition it, or drag cell edges to change row and column spacing. 

Most editing options are controlled in the Revision Table: Drawing Scope dialog 
box, shown in Figure 24-22A, which you can access by double-clicking on the revision 
table or right-clicking on the revision table and selecting Edit. Figure 24-22B describes 
basic options available in the Revision Table: Drawing Scope dialog box. Typing values 
in cells overrides default iProperties, as indicated by blue lettering and highlighting. 
Pick the OK button to accept the changes and exit the dialog box. 


The Revision Table: Drawing Scope dialog box includes other 
options and settings that you can explore as needed. Many options 
are available when you right-click on a column, row, or cell. 


Revision Tags 


Revision tags key the revision table to revised items, such as dimensions, notes, or 
title block information on a sheet. Refer again to Figure 24-20. You typically add revi- 
sion tags immediately after creating a revision table and each time you add a revision. 
Access the Revision Tag tool to place revision tags. Select a position in space, or pick 


a point or feature to begin placement. To locate the tag at the selection, press [Enter] | 


or right-click and select Continue. To connect the tag to a leader, pick a second point 
and press [Enter] or right-click and select Continue. Place additional copies of the same 
revision tag, if required, or press [Esc], right-click and select Done, or access a different 
tool to exit. 


Exercise 24-11 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 24-11. 
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Figure 24-22. 


The Revision Table: Drawing Scope dialog box and basic options available for editing a 
revision tab. 
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To print or plot a drawing, first access the Print Setup tool to preset print settings [REE 
using the Print Setup dialog box. See Figure 24-23. Use the Name drop-down list to 
select a plot device and, if necessary, pick the Properties button to adjust plot device 
settings using the Properties dialog box. The plot device specifications appear in the 
Printer area. Select the sheet size from the Size drop-down list and choose where the 
paper comes from using the Source drop-down list. Select the Portrait radio to rotate 
and print the document in a portrait, or vertical, orientation, or choose the Landscape 
radio button to rotate and print the document in a landscape, or horizontal, orienta- 
tion. Pick the Network button to access the Connect to Printer dialog box, in which you 
can connect to a shared network printer and plot to that device. Pick the OK button to 
accept the changes and exit print setup. 

Access the Print Preview tool to preview the print using the current print specifica- 
tions. See Figure 24-24. Preview other pages to print with the current print job using 
the Next Page, Prev Page, or Two Page buttons. Zoom in or out to review the print 
preview using the Zoom In or Zoom Out buttons. Pick the Print... button to initiate the 
print or select the Close button to terminate the preview. 


Print Setup 
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Print Preview 


Figure 24-23. i 

The Print Setup Petar | 

dialog box. | g er -n se te a S16 bes in eC ees Torey WSN ie ae o a 
Name: 


| Type HP Lasedlet P1506 
| Where: USBOOL 
_ Comment: 
A Paper- gi an j meam o A Orientation - 2 j 
Size | Letter . bu O Portait 
O M Clarice | 


Figure 24-24. 1 i d SR huttoidaék Inventor Prafnosianal 2010 “NOT FORRESALC Figure 24-9.chwg [Sie comedian nals 
A preview of a print es aaa 
job. 


i f Blocks 
i ÉJ VIEWLROTATING HI 


parts UST:AOTATING 


AAA 


Chapter 24 Assembly, Weldment, and Multiple-Sheet Drawings 625 


Application Menu 


Type 


[Ctrl]+[P] 


626 


Access the Print tool to prepare, preview, and print a drawing using the Print 
Drawing dialog box. See Figure 24-25. Use the Name drop-down list to select a plot 
device and, if necessary, pick the Properties button to adjust plot device settings using 
the Properties dialog box. The Print Range area defines which sheets in the drawing 
file print. Select the Current Sheet radio button to print only the active drawing sheet, 
or select the All Sheets radio button to print all of the sheets in the drawing file. To 
print a range of sheets, pick the Sheets in Range radio button. Then enter the sheet to 
print first in the From text box and the sheet to print last in the To text box. Select the 
Print excluded sheets check box to override the Exclude From Print option specified in 
the Edit Sheet dialog box and print the sheets specified as excluded. 

The Settings area provides additional controls. Specify the number of copies to print 
using the Number of Copies text box. Check Rotate By 90 Degrees to rotate the print 90° on 
the sheet. Select the All Colors As Black check box to print all objects black. Pick the Remove 
Object Line Weights check box to print all geometry using the same line weight. 

Use options in the Scale area to set the required print scale. Select the Model 1:1 radio 
button to print the sheet at full size, correctly representing view scale. The Model 1:1 option 
is appropriate for most applications. The Tiling Enabled check box tilts, or arranges, sheets 
for printing on multiple pages. Select the Best Fit radio button to scale the sheet according 
to the paper size when scale is not important. To apply a scale factor other than 1:1, pick the 
Custom radio button and specify the scale in the Custom text box. For example, enter 25.4 to 
print an inch drawing on a metric sheet. Choose the Current Window radio button to print 
the display of the current window without a specified scale factor. 

Select the Preview... button to display the Print Preview dialog box and preview 
the intended print job. Pick the OK button to print. 


Previewing a print is good practice, especially for large drawings 
that take a long time to print and use a large sheet of paper. 


You can print or export a drawing as a PDF of DWF file, which is 
common for displaying drawings electronically. 


Exercise 24-12 — 


Access the Student Web site (www.g-wlearning.com/CAD) and 
complete Exercise 24-12. 


Figure 24-25. 
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=m, Chapter Test 


Answer the following questions. Write your answers on a separate sheet of paper 
or go to the Student Web site (www.g-wleaming.com/CAD) and complete the electronic 
chapter test. 


. What are working drawings? 

. Briefly describe an assembly drawing. 

. Describe an exploded assembly drawing. 

What is reference data? 

Briefly describe a general assembly drawing. 

. Define detail assembly drawing. 

What is an erection assembly drawing? 

. Describe a pictorial assembly drawing. 

Define alternate position drawing view. 

10. Identify the function of a parts list. 

11. What is a BOM? 

12. What are balloons? 

13. Describe a revision history block. 

14. Explain the function of an engineering change request and give the proper 
abbreviation. 

15. Describe an engineering change notice. 


1 
2 
3 
4. 
5i 
6 
7: 
8 
gi 
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' | Problems 
q Instructions: 
Begin a new drawing file for each of the projects. 
Create a complete set of working drawings using each of the specified files. 
The first sheet should be an assembly or weldment with balloons and a parts list. 
Create additional sheets for each detail. 
Use an appropriate sheet size border and title block for each drawing sheet. 
Create necessary drawing views at an appropriate scale, and fully dimension and 
annotate each drawing as required. 
è Define the drawing properties in the drawing and individual model iProperties dialog 
Be boxes so that properties display correctly in the title block. 
MAsasic | | 1. Title: PUSH PIN 
Eo Units: Inch 
Template: Drawing-IN.idw 
Project: PUSH PIN 
Assembly File: P17-3.iam 
Save as: P24-1.idw 
Specific Instructions: Create a general assembly drawing and detail drawings for 
each part. 


Basi | | 2. Title: FORK 


Units: Metric 

Template: Drawing-mm.idw 

Project: FORK 

Assembly File: P18-2.iam 

Save as: P24-2.idw 

Specific Instructions: Create a general assembly drawing and detail drawings for 


each part. 
v 3. Title: STUDDED HUB 
= Units: Inch 


Template: Drawing-IN.idw 

Assembly (weldment) File: P20-2.iam 

Save as: P24-3.idw 

Specific Instructions: Create a general weldment assembly drawing and detail 
drawings for each part. 


SA intermediate 4. Title: BOTTLE ASSEMBLY 
E Units: Inch or Metric 
Template: Drawing-IN.idw or Drawing-mm.idw 
Project: BOTTLE 
Presentation File: P21-2.ipn 
Save as: P24-4.idw 
Specific Instructions: Create a general assembly drawing and detail drawings for 
each part. 


SA Advanced | | 5. Title: WATCH BAND CLASP 
i Units: Inch or Metric 
Template: Drawing-IN.idw or Drawing-mm.idw 
Project: WRIST WATCH 
Assembly File: P17-6.iam 
Save as: P24-5.idw 
Specific Instructions: Create a general assembly drawing, a subassembly drawing, 
and detail drawings for each part. 
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6. Title: ROTATING HINGE ASSEMBLY Pd Advanced | 
Units: Inch or Metric | 
Template: Drawing-IN.idw or Drawing-mm.idw 
Project: ROTATING HINGE ASSEMBLY 
Assembly File: P18-4.iam 
Save as: P24-6.idw 
Specific Instructions: Create a pictorial assembly drawing and detail drawings 
for each part. 


7. Title: HOUSING ASSEMBLY 
Units: Inch a 
Template: Drawing-IN.idw 
Project: HOUSING 
Assembly (weldment) File: P20-1.iam 
Save as: P24-7.idw 
Specific Instructions: Create a general weldment drawing and detail drawings 
for each part. 


8. Title: STAND bd Advanced — 
Units: Inch or Metric Mo 
Template: Drawing-IN.idw or Drawing-mm.idw 
Project: STAND 
Assembly (weldment) File: P20-4.iam 
Save as: P24-8.idw 
Specific Instructions: Create a general weldment drawing and a multidetail 
drawing documenting each part. 

9. Title: SHOCK ABSORB SYSTEM Sd Advanced | 
Units: Inch or Metric 7 
Template: Drawing-IN.idw or Drawing-mm.idw 
Project: UTILITY VEHICLE 
Presentation File: P21-8.ipn 
Save as: P24-9.idw 
Specific Instructions: Create a general assembly drawing, a subassembly drawing, 
and detail drawings for each part. 


10. Title: MULTI-ADJUSTER SLIDE 
Units: Inch 
Templates: Part-IN.ipt (part models), Assembly-IN.iam (assembly models), and 
Drawing-IN.idw (drawings) 
Project: IONIC SYNTHESIZER 
Specific Instructions: Use the model, drawing, and parts list shown to create 
part, subassembly, assembly, and drawing files as needed to design and document 
a product similar to the product shown. Create a project to contain all files and use 
an appropriate file naming system. 


(continued) 
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2D Chamfer dialog box, 92 

2D Fillet dialog box, 91 

2D Navigation Wheel, 177 

2D planes, 71 

2D sketches, adding, 145-148 

2D sketching, 71-75 

2D Sketch tool, 73, 145, 274 

3D Intersection Curve dialog 

box, 319 
3D Intersection Curve tool, 319 
3D Move/Rotate dialog box, 
284-286 

3D sketch features, 312 

3D sketching, 313-321 
bends, 318 
curve projection, 320-321 
curves and points, 313-315 
helical curves, 315-317 
including geometry, 318 
intersection curves, 319 
silhouette curves, 319-320 

3D Sketch tool, 313 


A 


adaptive features, 462-463 

adaptive modeling, 459-466 

adaptive models, 455 

adaptive parts, 464 

adaptive sketches, 462 

adaptive subassemblies, 
464—466 

alert, 31 

aligned dimensional 
constraint, 112 

aligned section, 546 

alt-drag, 445-446 

alternate position drawing 
views, 604 


Angle dialog box, 275-277 
angular dimensional 
constraint, 112 
Animate tool, 522, 524-525 
animation, 522-525 
Animation dialog box, 
524-525 
animation repetition, 524 
annotations, 529 
Application Menu, 26-31, 
33-35 
Quick Access toolbar, 
26-27, 31, 36 
Application Options dialog 
box, 46 
‘Color tab, 120 
Display tab, 172, 174, 176, 
183 
General tab, 46, 64, 77 
iFeature tab, 357, 358-359 
Part tab, 73, 341 
Sketch tab, 46, 74-75, 108, 
113, 115, 147 
arcs, sketching, 86-88 
Arc tool, 86 
area lofts, 304 
Arrange Dimensions tool, 
578-579 
arrow side, 499 
assemblies, 18-19, 431-453 
constraining, 435-445 
converting to weldments, 
494 
inserting components, 
433—435 
sectioning, 480-483 
assembly constraints, 
435—441 


assembly drawings, 601 

assembly file, 431 

assembly tools, 417—492 

assembly views, 601-604 

associative patterning, 
471-472 

Auto Balloon dialog box, 
611-612 

Auto Balloon tool, 114-115, 
611-612 

Autodesk inventor Help 
window, 47 

Auto Dimension dialog box, 
114-115 

Auto Explode dialog box, 516 

automated centerlines, 572 

Automated Centerlines 
dialog box, 572 

Automated Centerlines tool, 
572 

Autoproject edges during 
curve creation tool, 147 

Autoproject edges for 
sketch creation and 
edit tool, 148 

autoproject tools, 147-148 

Auxiliary View dialog box, 
543-544. 

auxiliary views, 543-544 

partial, 544 
Auxiliary View tool, 543 
axis of rotation, 117, 258 


B 


balloons, 611-614 
Balloon tool, 611 
base features, 23, 139 
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baseline dimensioning, 580 
Baseline Dimension Set tool, 
580 
Baseline Dimension tool, 580 
base views, 536-540, 601-603 
orientation, 538-539 
scale and label, 539 
style and finalizing, 540 
Base View tool, 536, 601-602, 
615-616 
basic view adjustment, 
541-543 
bend allowance, 379 
bend centerlines, 421 
Bend dialog box, 318 
Shape tab, 403 
Bend Edit dialog box, 
392-393 
Bend Notes tool, 583-584 
Bend Order Annotation tool, 
422 
Bend Part dialog box, 
204-205 
Bend Part tool, 204-205 
bend radius, 376 
bends, 204-206, 318, 402-403 
editing press brake, 
392-393 
bend tables, 588 
Bend tool, 318, 402-403 
Bend Zone Edit dialog box, 
392-393 
bent, 371 
bill of materials (BOM), 
606—607 
Bill of Materials tool, 606 
borders, adding, 533 
Border tool, 533 
bottom-up design, 19, 431 
break, 553 
Break Alignment tool, 542 
Break Out View dialog box, 
549 
Break Out View tool, 549-550 
Break tool, 553—555 
broken-out sections views, 
549-551 
Broken View dialog box, 553, 
555 
browser bar (browser), 40—41 
browser sequence views, 
522-523 
button, 26 


C 


CADD, 17 
camera view, 521 


cascading menu, 32 
catalog features, 25, 351 
catalog iFeatures, 357-358 
caterpillars, 617 
Caterpillar tool, 617—618 
Centered Pattern tool, 573 
Centerline Bisector tool, 
573—574 
centerlines, 79, 421, 572-574 
automated, 572 
editing, 574 
Centerline tool, 573 
centermarks, 573—574 
editing, 574 
Center Mark tool, 573—574 
Center navigation tool, 179 
center of gravity, 188 
Center of Gravity tool, 188 
center point, 71, 287 
Center Point Arc tool, 87, 313 
Center Point Circle tool, 85 
Center Point tool, 313 
Chamfer dialog box, 227 
Chamfer Note tool, 583 
chamfers, 227-229, 583 
dimensioning, 583 
placing, 228-229 
sketching, 92-93 
Chamfer tool, 92-93, 227-229, 
495-496, 508 
Change Icon tool, 359 
check boxes, 44 
child nodes, 40 
chord length, 86, 392 
chord tolerance, 392 
circles, sketching, 85 
Circle tool, 85 
circular feature patterns, 
258-260 
Circular Pattern dialog box, 
117-118, 258-259 
circular patterning, 473-474 
Circular Pattern tool, 117— 
119, 258, 262, 495, 508 
circumscribed polygon, 90 
Clean Screen tool, 183 
Close All tool, 43 
closed loop, 71 
closed loop control, 301 
Coil dialog box, 153-156 
Coil Ends tab, 156 
Coil Shape tab, 154 
Coil Size tab, 155 
coil revolutions, 155 
coils, 153-156 
Coil tool, 153, 156, 203 
coincident constraint, 80-81 
color style, 184, 186 


command alias, 32 
commands, 34 
component pattern, 471 
components, 18, 431 
adjusting, 478-483 
alternative insertion 
methods, 434-435 
changing colors, 480 
copying, 476—477 
demoting and 
promoting, 459 
in-place, 455-470 
inserting, 433-435 
locating, 476 
mirroring 474—476 
moving, 479 
patterning, 471-474 
replacing, 478 
rotating, 479 
computer-aided design and 
drafting (CADD), 17 
constant fillets and rounds, 
218, 220 
Constraint Inference tool, 79 
constraint levels, 22 
Constrain tool, 435 
Constraint Options dialog 
box, 79-80 
Constraint Persistence tool, 
79 
constraints, 21 
analyzing, 120-121 
assembly, 435-441 
dimensional, 108-115 
driving, 447-449 
editing, 446-447 
geometric, 79-83, 105-108 
motion, 435 
transitional, 435, 444 
types of, 21 
construction geometry, 78 
consumes, 142 
context-oriented help, 47 
context-sensitive menu 
options, 32 
contour, 499 
Contour Flange dialog box, 
382-383 
contour flanges, 382-387 
editing corners, 385-386 
finalizing, 386-387 
referencing individual 
edges, 382-385 
referencing multiple 
edges, 385 
Contour Flange tool, 382 
Contour Roll dialog box, 
393-394 
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contour rolls, 393-394 
Contour Roll tool, 393 
conventional breaks, 553-555 
Convert to Weldment tool, 
494 
coordinate system, 71, 287 
coplanar, 275 
Copy Components dialog 
box, 476—477 
Copy Components: File 
Names dialog box, 477 
Copy Components tool, 476 
Copy dialog box, 124 
Copy tool, 124 
Corner Chamfer dialog box, 
411-412 
corner chamfers, 411—412 
Corner Chamfer tool, 411 
Corner Edit dialog box, 
385-386 
corner rips, 412, 414—416 
Corner Round dialog box, 
410 
corner rounds, 410 
Corner Round tool, 410 
Corner Seam dialog box, 412 
corner seams, 412 
coplanar features, 414 
nonplanar features, 
412-413 
options, 416 
Corner Seam tool, 412—416 
Cosmetic Centerline tool, 
421 
Cosmetic Weld dialog box, 
505 
cosmetic welds, 504-505 
Cosmetic Weld tool, 497, 504 
counterbored hole, 200 
countersunk hole, 200 
Create Component tool, 
455-459 
Create In-Place Component 
dialog box, 455-456, 
458—459 
Create New Symbol tool, 590 
Create Sheet Format dialog 
box, 556 
Create Sketch tool, 549 
Create View tool, 514, 525 
Crop tool, 553 
crossing selection, 76-77 
cursor, 32 
curve projection, 320-321 
curves, 75, 313—315 
extending and trimming, 
122-123 
Customize dialog box, 43 


Index 


Custom View window, 
538=539 

cut, 371, 404-406 

Cut dialog box, 404 

cut edges, projecting, 279 

cutting plane, 480, 545 

cutting-plane line, 545 


D 


dangling geometry, 408 
datum, 388, 580 
Decal dialog box, 340 
decals, 337-340 
decal sketching, 338-340 
Decal tool, 340 
default, 26 
Defer Update tool, 488 
Degrees of Freedom tool, 
435 
demote, 459 
dependents, 434 
dependent view, 539 
derived body, 474 
derived components, 25 
deriving split solids, 334 
design session, 51 
design view 
representations, 
484—485 
Design View 
Representations 
dialog box, 484-485 
Detail View dialog box, 
551-552 
detail views, 551-553 
Detail View tool, 551-553 
developed length, 394 
Diagnose Sketch dialog box, 
129-130 
dialog boxes, 41-43 
diameter, 112 
diameter dimensional 
constraint, 112-113 
dimensional constraint 
properties, 115 
dimensional constraints, 21, 
108-115 
aligned, 112 
angular, 112 
diameter, 112-113 
driven, 113-114 
linear, 111-112 
linear diameter, 112 
radius, 112-113 
dimensioning 
baseline, 580 
chamfers, 583 


geometric dimensioning 
and tolerancing, 589 
ordinate, 585 
part drawings, 569-600 
tabular, 586 
dimensions, editing and 
arranging, 577-579 
Dimensions Required 
display box, 114 
display characteristics, 
95-96 
docks, 37 
document settings, 62-63 
Document Settings dialog 
box, 62-63, 187 
Bill of Materials tab, 456 
Modeling tab, 203, 464 
Sheet tab, 533 
Sketch tab, 74, 79, 83, 318 
Standard tab, 184 
Units tab, 62-63 
document tabs, 43-45 
document units, 62 
double bend, 380 
double-click, 26 
Draft View tool, 555 
drawing dimensions, 569, 571 
drawings, 17, 20 
dimensioning part 
drawings, 569-600 
part, 529-568 
printing, 625-626 
standards, 530-531 
weldment, 615-619 
drawing sheets 
adding, 620 
copying and pasting, 620 
preparation, 532-535 
multiple, 619-621 
working with multiple, 
620-621 
drawing standards, 530-532 
drawing symbols, custom, 
590-591 
drawing templates, 532 
Drawing View dialog box, 
541, 601-602 
Component tab, 536-537, 
601-602, 615 
Display Options tab, 536, 
538, 570, 602-603, 
615-616 
Model State tab, 536-537, 
602, 615-616 
drilled hole, 200 
drive, 435 
Drive Constraint dialog box, 
447-449 
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634 


driven dimensional 
constraint, 113-114 
drop-down list, 28 


E 


Edge Fillet dialog box 
Constant tab, 218, 220 
edge fillets and rounds, 
217-223 
Edit Balloon dialog box, 
612-613 
Edit Constraint dialog box, 
446 
Edit Dimension dialog box, 
108-110, 115, 146, 446- 
447, 576, 579 
Inspection tab, 576-577 
Precision and Tolerance 
tab, 576 
Text tab, 576 
Edit iFeature dialog box, 359 
Edit iFeature tool, 359 
Edit Parts List dialog box, 
609-610 
Edit Property Fields dialog 
box, 534-535 
Edit Sheet dialog box, 532- 
533, 620, 624 
Edit Table dialog box, 
588-589 
Edit Task & Sequences 
dialog box, 522-523 
ellipses, sketching, 85-86 
Ellipse tool, 85-86 
Emboss dialog box, 334-335 
embossing, 334-336 
from a plane, 336-337 
Emboss tool, 334 
End Fill dialog box, 
Options tab, 617 
Type tab, 617 
end fills, 506-507 
End Fill tool, 506-507, 617 
engineering change notice 
(ECN), 623 
engineering change request 
(ECR), 622 
engineering changes, 
621-624 
engraving, 334-336 
from a plane, 336-337 
erection assembly drawing, 
603 
escape keys, 39 
exploded assembly, 513 
exploded assembly 
drawing, 601 


exploding, 516-521 
adding tweaks, 516-519 
editing tweaks and trails, 
519-521 
explosion distance, 515 
Extend tool, 122 
extents, 421 
viewing, 423 
external threads, 237 
Extract iFeature dialog box, 
352, 407 
Extract iFeature tool, 352, 
407 
Extrude dialog box, 139-140, 
148 
Shape tab, 139-141 
Extrude tool, 139, 495, 508 
extrusions, 139-143 
adding, 148-151 


F 


Face dialog box, 
Shape tab, 380 
face draft, 235-237 
Face Draft dialog box, 
235-237 
Fixed Edge option, 235-236 
Fixed Plane option, 237 
Face Draft tool, 235-237, 332 
face fillets and rounds, 
223-224 
face properties, 158-159 
Face Properties dialog box, 
159 
faces, 380—382 
moving, 246-248 
splitting, 331-332 
facet angle, 392 
Face tool, 380 
feature patterns, 25, 253-272 
circular, 258-260 
editing, 261-262 
rectangular, 255-258 
Feature Properties dialog 
box, 158-159, 463 
features, 23-25 
adaptive, 462-463 
adding, 145-153 
editing, 157-160 
mirrored, 253-255 
parameters, 160 
properties, 158-159 
field weld, 501 
File Open Options dialog 
box, 514-515, 525 
files, 17-20 
beginning new, 27 


closing, 30 
naming, 475—476 
opening and saving, 
59—60 
opening existing, 28-29 
file status, 476 
fill direction, 503 
fillet and round options, 
219-220 l 
Fillet dialog box, 218, 220-225 
Setbacks tab, 222 
Variable tab, 221-222 
fillets, 217 
sketching, 91 
Fillet tool, 91-92, 217-218, 
495, 508 
Fillet Weld dialog box, 498 
fillet welds, 498-501 
Fillet Weld tool, 497- 498 
Filter Settings dialog box, 
610 
Find Component tool, 459 
Fix constraint tool, 107 
Flange dialog box, 387-388 
flanges, 387-390 
lofted, 391-393 
flat angle, 156 
flat end, 156 
Flat Pattern dialog box, 421 
Bend Angle tab, 421 
Orientation tab, 421 
Punch Representation 
tab, 421 
Flat Pattern Extents display 
box, 423 
flat patterns, 371, 420-423 
editing, 421 
Flat Pattern tool, 420—421 
flexible subassemblies, 483 
floating, 37 
flush solution, 436—437 
flyout, 27 
fly-through, 182 
Fold dialog box, 401-402 
Folded Part tool, 421 
Folder Options, 58 
folds, 401-402 
Fold tool, 401 
font, 95 
Format Text dialog box, 94 
Free Orbit tool, 479 
frequently used subfolders, 
58 
front view, 538 
Full Navigation Wheel, 
177-178 
full radius fillets and 
rounds, 225-226 
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full section, 546 
fully constrained, 22 
function keys, 39 


G 


GD&T tools, 589 
general assembly drawing, 
603 
General Dimension tool, 
108-114, 575-577, 
580-581 
general notes, 535, 581 
general tables, 588-589 
geometric constraints, 21, 
79-83 
adding, 105-107 
managing, 107-108 
tools, 106 
geometric dimensioning and 
tolerancing, tools, 589 
Geometry-Text dialog box, 
97 
Geometry Text tool, 97-98 
Global Update tool, 466 
glyphs, 107 
grab bars, 38 
graphical user interface 
(GUD), 31 
graphics window, 31 
Groove Weld dialog box, 502 
groove welds, 502-504 
Groove Weld tool, 497, 502 
grounded component, 433 
grounded work points, 
284-286 
Grounded Work Point tool, 
284 
ground shadow, 182-183 
finalizing placement, 286 
Group Settings dialog box, 
610 
guide rail, 311 
guide surface, 311 


H 


half section, 546 

half section view, 481-482 

Half Section View tool, 
481-482 

height, 155 

Helical Curve dialog box, 
315-316 

helical curves, 315-317 

Helical Curve tool, 315-317 

help, 47 

help string, 41 


Index 


Hem dialog box, 390 
Hem tool, 390 
Hide All Constraints tool, 107 
Hole dialog box, 197-198, 
203 
holes, 197-203 
characteristics, 200-201 
placement, 197-200 
termination and drill 
point, 201-202 
threads, 202-204 
hole tables, 586-587 
Hole Table—Selected Feature 
tool, 586 
Hole Table-Selection tool, 
586 
Hole Table—View tool, 586-587 
Hole/Thread Notes tool, 582 
Hole tool, 197, 200-201, 
237-238, 495 
Home View tool, 176 
Horizontal Alignment tool, 
542 
horizontal constraint, 80-81 
hover, 26 


icon, 26 
identification line, 501 
i-drop, 435 
iFeature Author dialog box, 
359-364 
Geometry tab, 360 
Other tab, 362 
. Parameters tab, 359-360 
Properties tab, 360-361 
Threads tab, 361-362 
iFeature Author Table tool, 
359, 364 
iFeature reference, 358 
iFeatures, 25, 351-370 
creating, 351-355 
editing files, 358-359 
finalizing, 355, 363-364 
inserting, 355-358 
managing, 358-359 
placing catalog, 357-358 
position geometry, 
354-355 
size parameters, 353-354 
table-driven, 359-364 
illustrated parts breakdown, 
513 
Image Properties dialog box, 
339-340 
iMates, 446 
include Geometry tool, 318 


included angle, 87, 189 
included file, 57 
increment, 363 
Incremental View Rotate 
dialog box, 521 
infer, 83 
InfoCenter, 47 
in-place adaptivity, 460-461 
in-place components, 
455-470 
In Position alignment, 542 
inscribed polygon, 90 
Insert iFeature dialog box, 
355-357, 365-366 
Insert iFeature tool, 355, 365 
Insert Image tool, 338-339 
interface, 31-43 
internal threads, 237 
intersection curves, 319 
Inventor Precise Input 
toolbar, 119-120, 124, 
313-316 
Inventor project wizard, 54—55 
iProperties, 63—64 
iProperties dialog box, 
63-65, 624 
Occurrence tab, 464, 480 
Physical tab, 184-185, 
187-188, 374, 497 
Weld Bead tab, 507 
isometric view, 175, 540 


J 


justification, 95 
justify, 95 


K 


keyboard keys, 39—40 
keyboard shortcut, 32, 39-40 
keys, 360 

k-factor, 379 


L 


leader, 581 

leader line, 581 

Leader Text tool, 581 

left-hand threads, 202 

leg, 499 

level-of-detail 

representations, 487—488 

Libraries, 55, 57-58 

library search paths, 55 

lighting style, 186-187 

Line tool, 69-70, 75-76, 86, 313 
sketching arcs, 88 
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linear diameter dimensional 
constraint, 112 
linear dimensional 
constraint, 111-112 
lines, sketching, 75-83 
linetype, choosing, 78-79 
list box, 27 
List Values dialog box, 
353-354 
Local Update tool, 466 
loft centerline, 303 
Loft dialog box, 300-301 
Conditions tab, 304-307 
Curves tab, 300-301 
Transition tab, 307-308 
Lofted Flange dialog box, 
391-393 
lofted flanges, 391-393 
Lofted Flange tool, 391 
lofts, 299-308 
area, 304 
rails, 301-303 
Loft tool, 300, 312 


M 


machining, 507-508 
major axis, 85 
material preparation, 495—496 
material style, 184 
mate solution, 436—437 
Measure Angle tool, 189 
Measure Area tool, 189 
Measure Distance tool, 189 
Measure Loop tool, 189 
minor axis, 85 
Mirror Components dialog 
box, 474-475 
Mirror Components: File 
Names dialog box, 
475-476 
Mirror Component tool, 474 
Mirror dialog box, 253-254 
mirrored components, 474 
mirrored features, 253-255 
mirror plane, 253, 474 
Mirror tool, 115-116, 253, 
495, 508 
miter gap, 385 
model dimensions, 569-570 
editing, 579 
model inspection, 187-190 
center of gravity, 188 
physical properties, 
187-188 
taking measurements, 
189-190 
model parameters, 96 


model space, 171 
model styles, 184-187 
color, 184, 186 
creating and saving, 
186, 380 
lighting, 186-187 
material, 184 
model viewing, 142 
model welding symbols, 616 
monodetail drawings, 529 
motion constraints, 435, 
441-445 
Move Component tool, 
479, 486 
Move dialog box, 123 
Move Face dialog box, 
246-248 
Distance and Direction 
option, 247 
Planar Move option, 
247-248 
Move Face tool, 246-248, 
332, 495, 508 
Move tool, 123-124 
multiline text, 95 
multimedia drawings, 529 


- multiple documents, 


managing, 43-45 
multiple position drawing 
views, 604 
multiple sheets, 619-621 
multiview drawing, 538 


N 


natural end, 156 

Navigation Bar, 171-172 

navigation wheel options, 180 

network, 207 

neutral axis, 379 

neutral radius, 394 

New File dialog box, 27, 60-61 
tabs, 27 

New Sheet tool, 620 

Next View tool, 177 

nominal size, 203 

nominal value, 128 

non-Inventor files, 

importing, 58 

notes, 581-585 
hole and thread, 582 
punch and bend, 583-584 


O 


oblique view, 175 
occurrences, 116 
offset, 119, 238, 244 


Offset dialog box, 274 
offset section, 546 
Offset tool, 119 
Open dialog box, 28-29 
open loop, 71 
open profile solids, 152 
open sketch profile, 152 
options, 17 
Options dialog box, 
Assembly tab, 460—461 
Drawing tab, 570, 602 
orbiting, 174-175 
Orbit navigation tool, 179 
Orbit tool, 142, 174-175 
ordinate dimensioning, 
585-586 
Ordinate Dimension Set tool, 
585-586 
Ordinate Dimension tool, 585 
orientation, 95 
origin, 75, 586 
origin features, referencing, 
75 
orthographic view, 175, 
540-541 
other side, 499 
over-constrained, 22 
Overlay View dialog box, 
604—605 
overlay views, 604-605 
Overlay View tool, 604-605 
override, 184, 480 
Override Object dialog box, 
486 
Component tab, 486 
Constraint tab, 486 
Pattern tab, 486 


P 


pan, 74 

panels, 36-37 

Pan navigation tool, 178 

panning, 172-173 

Pan tool, 173 

parallel, 79 

parallel constraint, 81-82 

parameters, 21, 96, 127 

iFeatures, 353—354 

Parameters dialog box, 
127-128, 140, 160, 
352-353, 446-447 

parametric design and 
drafting, 21 

parametric fundamentals, 
21-22 

parent assembly, 458 

parent nodes, 40 
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part drawings, 529-568 
dimensioning, 569-600 
partial auxiliary views, 544 
parting line, 319 
part model elements, 23-25 
parts, 18 
adaptive, 464 
creating in place, 457—458 
parts list, 605-610 
Parts List Column Chooser 
dialog box, 610 
Parts List dialog box, 608 
Parts List Table dialog box, 
610 
Parts List tool, 606, 608-609 
Pattern Component dialog 
box, 471-472 
Associative tab, 471—472 
Circular tab, 473 
Rectangular tab, 472-473 
Pattern Component tool, 
471-472 
pattern occurrences, 253 
perpendicular, 79 
perpendicular constraint, 
81-82 
perspective view navigation 
tools, 182 
pick, 26 
pictorial assembly drawing, 
603 
pitch, 155, 203, 499 
pivot point, 174 
Place Component dialog 
box, 433 
Place Component tool, 433, 
458 
Place Constraint dialog box, 
435-436 
Assembly tab, 436, 438, 
440-441 
Constraint Sets tab, 445 
Motion tab, 441-443 
Transitional tab, 444 
Place Constraint tool, 435—445 
placed features, 24, 217 
- additional, 235-252 
placed sections, 304 
point alignment, 83 
Point, Center Point tool, 
93, 417 
points, 313-315 
referencing, 314-315 
Point tool, 313 
polygons, sketching, 90 
Polygon tool, 76, 90 
positional representations, 
485-487 


Index 


Precise View Rotation tool, 
521,523 
presentations, 19-20, 513-528 
presentation views, 514-515 
adding, 525 
animation, 522-525 
exploding, 516-521 
precise view rotation, 521 
press brake output, 392-393 
preview boxes, 42 
Previous View tool, 177 
Print Drawing dialog box, 
626 
printing drawings, 625-626 
Print Preview tool, 625-626 
Print Setup dialog box, 
625-626 
Print Setup tool, 625-626 
Project Curve to Surface 
dialog box, 320 
Project Curve to Surface 
tool, 320-321 
Project Cut Edges tool, 279 
projected views, 540-543 
Projected View tool, 540 
Project Flat Pattern tool, 
405-406 
Project Geometry tool, 75, 
146, 279 
projection, 182-183 
projection foreshortening, 
182 
projects, 52 
creating, 54-55 
managing, 56-58 
-options, 58 
Projects dialog box, 53-58, 
60 
promote, 459 
Prompted text dialog box, 
534-535 
pull direction, 235, 319 
punch ID, 407 
punching, 408—409 
Punch Notes tool, 583-584 
PunchTool, 406-409 
PunchTool dialog box 
Geometery tab, 408-409 
Preview tab, 408-409 
Size tab, 409 
PunchTool iFeatures, 407—408 
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quarter section view, 481 

Quarter Section View tool, 
481 

Quick Access toolbar, 36 


R 


radio button, 54 

radius, 112 

radius dimensional 
constraint, 112-113 

rails, 301-303 

read-only, 56 

realtime zooming, 172-173 

rectangles, sketching, 89 

rectangular coordinate 
dimensioning without 
dimension lines, 585 

Rectangular Pattern dialog 
box, 116-117, 255-256 

rectangular patterning, 
472-473 

Rectangular Pattern tool, 
116-117, 255, 495, 508 

reference data, 602 

reference dimension, 22 

reference line, 500 

Refold dialog box, 419 

refolding, 418—419 

Refold tool, 418-419 

Region Properties tool, 128 

regular polygon, 90 

Replace All tool, 478 

Replace Component tool, 
478 

representations, 484—488 

Retrieve Dimensions dialog 
box, 570-571 

Retrieve Dimensions tool, 
570 

Return tool, 74 

Return to Parent tool, 458 

Return to Top tool, 458 

revision history block, 621 

revision symbols, 621 

revision table, 622-623 

adjusting, 623 

Revision Table Column 
Chooser dialog box, 
624 

Revision Table dialog box, 
622-623 

Revision Table: Drawing 
Scope dialog box, 
623-624 

Revision Table Layout 
dialog box, 624 

Revision Table tool, 622 

Revision Tag tool, 623 

revolutions, 143-144 

adding, 151-152 
revolved feature, 143-144 
Revolve dialog box, 143, 151 
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revolved section, 551 
Shape tab, 143 
Revolve tool, 495, 508 
Rewind navigation tool, 
179-180 
Rib dialog box, 208 
Rib tool, 208 
ribbon, 26, 36-37 
adjustments, 37-39 
ribbon panels, 36-37 
ribbon tab, 27 
ribs, 207-209 
right-hand threads, 202 
rigid body, 459 
Rip dialog box, 416 
Rip tool, 391, 416—417 
root opening, 495 
Rotate At Angle tool, 539 
Rotate Component tool, 
479, 486 
Rotate tool, 125-126 
Rotate View dialog box, 542 
rounds, 217 
sketching, 91 
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Save All tool, 43 

Save As dialog box, 29 

Save As tool, 30 

Save Copy As Template tool, 
33 

Save Copy As tool, 30 

Save tool, 29-30 

saving old versions, 58 

saving work, 19-30 

scale factor, 125 

Scale tool, 125 

screen space, 171 

seams, 374 

section lines, 548 

sections, 299 

Section View dialog box, 
545, 548 

section views, 545—548 

adjustment, 548 
broken-out, 549—551 

Section View tool, 545-546 

Select Assembly dialog box, 
514-515, 525 

Select Component dialog 
box, 556 

Select Dimensions dialog 
box, 304-305 

Select Other tool, 76-77, 
444-445, 504, 543 

sequence, 522 

sequence interval, 523 


setbacks, 222-223 
shading, 180-182 
share, 142 
shared content, inserting, 435 
sheet formats, 556, 620 
Sheet Metal Defaults dialog 
box, 373 
sheet, 529 
sheet metal face, 380 
sheet metal parts, 371-400 
contour flanges, 382-387 
contour rolls, 393-394 
converting parts to, 372 
cuts, 404—406 
faces, 380-382 
flanges, 387-390 
lofted flanges, 391-393 
sheet metal punch tool, 406 
sheet metal rules, 373-378 
bend options, 375-376 
corner options, 376—378 
sheet options, 374-375 
sheet metal styles, 373-380 
creating and saving, 
379-380 
hems, 390-391 


- sheet metal templates, 372 


sheet metal tools, 401-430 
Bend tool, 402-403 
Corner Chamfer tool, 411 
Corner Round tool, 410 
Corner Seam tool, 412—416 
Flat Pattern tool, 420 
Fold tool, 401 
Project Flat Pattern tool, 

405-406 
PunchTool, 406-409 
Refold tool, 418—419 
Rip tool, 416—417 
Unfold tool, 418 

sheet metal unfold rules, 379 

Shell dialog box, 240 
More tab, 243-244 

shells, 240-244 
controlling approximation, 

243-244 

Shell tool, 240 

shortcut keys, 39 

shortcut menus, 32-33 

Show All Constraints tool, 107 

Show Constraints tool, 107 

silhouette curves, 319-320 

Silhouette Curve tool, 319-320 

single-line text, 95 

sketch, 23 

Sketch Doctor, 129-130 

sketched center points, 93 

sketched feature, 23, 139 


Sketched Symbol dialog 
box, 590 
sketched views, 555 
sketches, 
adaptive, 462 
beginning, 73 
editing, 74, 120-127 
finishing, 74 
purpose of, 69-70 
refining, 105-138 
reusing, 142-143 
viewing, 74 
sketch fundamentals, 69-71 
sketch helix, 315 
sketching, 69-98 
2D, 71-75 
arcs, 86-88 
choosing linetype, 78-79 
circles and ellipses, 85 
fillets, rounds, and 
chamfers, 91-93 
guidelines, 70-71 
inferring geometric 
constraints, 79-83 
lines, 75-83 
polygons, 90 
rectangles, 89 
selecting objects, 76-77 
splines, 84 
sketch parameters, 127-129 
sketch patterns, 115-119 
circular, 117-119 
rectangular, 116-117 
sketch points, 93 
sketch text, 94-98 
Slice tool, 547 
slider, 553 
solid body fundamentals, 153 
solid modeling, 17 
solids, 
splitting, 334 
trimming, 333 
Sort dialog box, 610 
Sort Revision Table dialog 
box, 624 
spacing, 257 
specific notes, 581 
Specify Range dialog box, 
353-354 
spline options, 84 
splines, sketching, 84 
Spline tool, 84, 313 
Split dialog box, 331-334 
splits, 331-334 
split solids, deriving, 334 
splitting faces, 331-332 
Split tool, 122-123, 331-334 
spotface, 200 
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standards, 17 
status bar, 41 
SteeringWheels, 177 
SteeringWheels, 177-180 
sticky panel, 38-39 
Stretch tool, 126-127 
Style and Standard Editor, 
66, 531 
model styles, 184-187 
sheet metal styles, 373-375 
style library, 379 
style management, 65 
styles and standards, 65-66 
subassemblies, 431 
adaptive, 464-466 
creating in place, 458—459 
flexible, 483 
surface, 139 
surface finish, 584 
surface finish symbol, 584 
Surface Texture dialog box, 
584-585 
Surface Texture Symbol tool, 
584-585 
surface tools 
additional, 343 
and techniques, 341-342 
Sweep dialog box, 309-310 
sweeps, 309-311 
Sweep tool, 309, 312, 495, 508 
symbols, 96 
Symbols dialog box, 590-591 
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table-driven iFeatures 
adding rows, 362-363 
adjusting columns, 

362-363 

creating, 359-364 
inserting, 365-366 
keys, 360 

tables, 586-589 

Table tool, 588-589 

tabs, 36 

tabular dimensioning, 586 

tangent arcs, 87 

Tangent Arc tool, 87 

Tangent Circle tool, 85 

tangent constraint, 82-83 

tap, 202 

tapered threads, 203 

task, 522 

templates, 27, 60—62 
assigning to projects, 61 
creating, 61-62 
drawing, 532 

text box, 30 


Index 


Text tool, 94-96, 581 
thicken, 244 
thicken and offset features, 
244-246 
controlling approximation, 
246 
Thicken/Offset dialog box, 
244-245 
More tab, 245-246 
Thicken/Offset tool, 244, 332 
third-party (shared) 
content, 435 
thread class, 203 
Thread dialog box, 238 
Specification tab, 238-239 
threads, 200, 202-204, 
237-239 
Thread tool, 156, 237-239 
Three Point Arc tool, 86, 313 
Three Point Rectangle tool, 89 
three-quarter section view, 
482-483 
Three Quarter Section View 
tool, 482—483 
throat, 499 
title block, adding, 534-535 
Title Block tool, 535 
toes, 499 
tolerance stack, 96 
toolbar, 26 
tool buttons, 36 
tools, 17 
tooltips, 32 
top-down design, 19, 431 
trails, 515 
editing, 519-521 
transitional constraints, 435, 
444 
transition angle, 156 
Trim tool, 122 
Tweak Component dialog 
box, 516-518, 520 
Tweak Components tool, 
515, 517 
tweak direction, 516 
tweak distance, 515 
tweaks, 515 
adding, 516-519 
editing, 519-521 
Two Point Rectangle tool, 89 


U 


under-constrained, 22 
Unfold dialog box, 418 
unfolding, 418 

unfold length, 394 
Unfold tool, 418 


Up/Down navigation tool, 
178-179 

user coordinate system 
(UCS), 287-289 

User Coordinate System 
tool, 287 

User Defined Symbol tool, 590 

user interface, 31-43 

user parameters, 96 


V 


variable fillets and rounds, 
218, 221-222 
versions, old, 58 
vertex, 222 
Vertical Alignment tool, 542 
vertical constraint, 80-81 
View Catalog tool, 358-359 
View Degrees of Freedom, 121 
view enlargement, 551 
View Face tool, 74, 177 
views, 
adding, 603—604 
assembly, 601-604 
auxiliary, 543-544 
base, 536-540 
detail, 551-553 
presentation, 514-515 
projected, 540-543 
section, 545-548 
sketches, 555 
view tools 
and design properties, 
171-196 
ground shadow, 182-183 
Navigation Bar, 171-172 
orbiting, 174-175 
projection, 182-183 
shading, 180-182 
SteeringWheels, 177-180 
zooming and panning, 
172-173 
ViewCube, 175-176 
virtual component, 455 


W 


walk-through, 182 
webs, 207-209 
wedges, 178 
weld all around, 501 
weld bead reports, 508 
Weld Bead Report tool, 508 
weld beads, managing, 507 
Weld Caterpillars dialog box 
Options tab, 618 
Style tab, 617-618 
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welding, 493, 497-507 
welding symbols, 497, 
505-506, 618-619 
weld length, 499 
weldment, 18, 493-512 
weldment drawings, 615-619 
weldment machining, 
507-508 
weldment templates, 494 
weld placement, 497-507 
weld symbol, 500 
Welding Symbol dialog box, 
505-506, 618-619 
Welding Symbol tool, 505, 
618-619 
welds, 
cosmetic, 504-505 
fillet, 498-501 
groove, 502-504 
window control tools, 44—45 


window fundamentals, 43 
window selection, 76-77 
Windows panel, 44 
wireframe model, 182 
wireframe representation, 
180 
work axes, 280-282 
work axis, 280 
Work Axis tool, 280 
work features, 24, 273-298 
adjustments, 289 
projecting cut edges, 279 
Workgroup Search Paths, 57 
working drawings, 601, 603 
work planes, 273-278 
offsetting, 274 
picking feature or sketch 
geometry, 275-278 
Work Plane tool, 273 
work points, 282-286 


grounded, 284-286 
picking feature geometry, 
283 
using sketch geometry, 
284 
workspace, 54 
Workspace folder, 57 


Z 


zero-depth sections, 547 
Zone Border tool, 533 
Zoom All tool, 173 

zoom in, 74 

zooming, 172-173 

Zoom Navigation tool, 178 
zoom out, 74 

Zoom Selected tool, 173 
Zoom tool, 172-173 

Zoom Window tool, 173 
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Inventor and Its Applications describes in detail the steps for creating sketches and 
models using the Autodesk Inventor® 2010 Professional software. The text teaches students 
how to develop and control sketches with constraints, dimensions, and tables. Once these 
skills are mastered, students use the sketches to build models of various complexities, 
add model features, create assemblies, and develop drawings. The text gives students 
an opportunity to show off their designs in the form of orthographic drawings and 
presentations. 


Inventor and Its Applications contains more than 600 illustrations to reinforce the 
descriptions and methods covered in the chapters. This text not only teaches how to use 
Autodesk Inventor, but also provides skills that will help students excel in a career in 
drafting, design, or engineering. 
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